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The Statmost, QSARIS, Excel, and SAS programs were used to model the 
solubility of gases, alcohols, and halogenated hydrocarbons in water using simple 
physical and topological descriptors.  The alcohols were well-modeled using measures of 
the number of carbons, terminal methyls, and steric hindrance about the hydroxyl group.  
Molecular mass, boiling point, and critical volume or critical pressure were the best 
descriptors for the halogenated hydrocarbons.  Critical pressure was the most applicable 
single descriptor for the gases.  Molecular mass and boiling point also yielded good 
results for the gases and halogenated hydrocarbons when regressed together. 
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Simple Descriptors for Modeling the Solubility of 
  




 Gas solubility has been studied for almost two centuries.  The earliest well-known 
studies are those of the English chemist William Henry (1775-1836) and the French 
chemist Franςois Marie Raoult (1830-1901).  Raoult studied the vapor pressures of 
solutions containing nonvolatile solutes.  He found that nonvolatile solutes lowered the 
vapor pressures of solvents.  From his work Raoult’s Law was obtained: 
Pi =  xiP 0i       (1) 
where Pi is the observed vapor pressure of the solvent i above the solution, xi is the mole 
fraction of solvent molecules, and P 0i  is the vapor pressure of the pure i solvent.  Ideal 
solutions are accurately described by Raoult’s Law. 
 This phenomenon is illustrated by considering two containers in a closed system.  
One beaker contains pure liquid, water for example, and the other contains a solution 
such as CH3OH(aq).  Over time, the pure H2O molecules transfer to the aqueous solution 





Fig. 1.1 H2O molecules transferring from a beaker of pure H2O to one containing 
CH3OH(aq) in a closed system. 
 
 
 The CH3OH molecules in the solution take up space that would otherwise have 
been occupied by H2O molecules.  Thus, even at the surface of the solution, fewer H2O 
molecules are available to escape as vapor.  The lower concentration of water in the 
mixture leads to a lower chemical potential.  Due to the chemical potential difference 
between pure water and the methanol solution, water vapor transfers from pure water to 
the methanol solution.  Note that xsolvent in Eqn.1 is the mole fraction: in a solution 
composed of 2/3 solvent molecules, xsolvent is 2/3. 
 The above is the basis of the isopiestic (constant pressure) method of obtaining 
the activity coefficient.  Some of the aqueous solutions that have been studied using this 
method include Na2SO41, rare earth bromates and chlorates2,  and NaOH-NaAl(OH)43.  
Copper-arsenic liquid solutions were studied by Wypartowicz4, and Crovetto and 
Timmermann examined mixed methanol and water vapors.5   














     fi = xi 0if      (2) 
where the fugacity of component i in the gas phase, fi,  is equal to the product of “the 
fugacity of the pure vapor ( 0if ) in equilibrium with the pure condensed phase at its 
equilibrium pressure”* and the mole fraction of i, xi, in the condensed phase.  Fugacity is 
a measure of the “effective pressure” of a gas.7 In Eqn.2 the fugacity is linearly 




Fig. 1.2 Plot of f1 and f2 vs. x2 for an ideal solution [based on Fig.14-1 in (6)]. 
 
 Named for William Henry, “Henry’s Law states that the amount of gas dissolved 
in a solution is directly proportional to the pressure of the gas above the solution.”8  
Mathematically, it is: 
Pi = kHxi     (3) 
where Pi is the partial pressure of component i in the gas phase, kH is a constant particular 
to the solution, and xi is the mole fraction of the dissolved gas in the solution. 
                                                 













 In terms of fugacity, Henry’s Law is: 
fgas = kHxgas     (4) 
where xgas is the mole fraction of the gas in solution.  The main difference between 
Henry’s and Raoult’s Law is that kH ≠ 0if    in Henry’s Law.  Raoult’s Law applies for an 
ideal solution whereas Henry’s Law is a limiting law and applies only to very dilute 








 = kH    (5) 
At low concentrations the dissolved gas obeys Henry’s Law.  However, as xgas 
approaches 1 the gas follows Raoult’s Law. 
 
Fig. 1.3 The behavior of a real gas comparing Henry’s Law and Raoult’s Law [based on 




real gas Raoult’s Law 
0               xgas                     1 
fgas 
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Henry’s Law can be illustrated by considering a closed container with a piston at 
equilibrium (Fig. 1.4).   Since it is in equilibrium the gas molecules enter and escape the 
solvent at the same rate.  If pressure is applied to the system more gas molecules dissolve 
in the solvent.  The gas molecules then evaporate to attain a new equilibrium.  Henry’s 
Law works best for dilute solutions containing gases that do not dissociate or react with 
the solvent as both of these latter scenarios would result in a chemical change. 
 
          (a)   (b)       (c)   
Fig. 1.4 The movement of gas molecules with respect to pressure applied by a piston 




The chemical potential of a component i, μi, in a gaseous solution is defined by  






RT+μ      (6) 
where the superscript o indicates the chemical potential of i at the standard temperature 
and pressure.6  When the fugacity 0if at the standard temperature and pressure equals that 
of the mixture fi, then  fi = 0if .  The same holds true for the chemical potential under 
these conditions, that is:  
μi = 0iμ  when 
0









An example of Henry’s Law would be the emboli (gas bubbles in the blood 
stream) observed when a deep-sea diver rises to the surface too quickly.  At 40 m below 
the surface N2 in the blood is about four times more soluble than at atmospheric pressure. 
If the diver swims to the surface too quickly, N2(g) boils from the blood and causes 
conditions ranging from dizziness to death (the “bends”).8  For this reason, a mixture of 
O2 and He is preferred for deep-sea diving.  He is an inert gas and much less soluble in 
blood than O2 and N2.  A common observation of Henry’s Law is the gas released when 
opening a carbonated drink.  Since carbonated drinks are packaged at high pressure (3 or 
more atm CO2), gas (mostly CO2 molecules) escapes from the drink and into the 
atmosphere when the bottle is opened. 
 
1.2 Solubility Units 
 As discussed below, gas solubility is of importance to various fields, e.g., 
chemistry, engineering, limnology, physiology, etc.  Therefore, solubility values are often 
reported in many different units.  Several ways of expressing gas solubilties as used by 
chemists are presented here.9-13 
 The mole fraction solubility, xg, is defined as: 






     (8) 
where n is the amount of substance or number of moles of substance.  The subscripts g 
and l refer to the gas and liquid solvents, respectively.  To ensure exactness the gas partial 
pressure and the temperature need to be stated. 








x 100     (9) 
where W is the weight of the substance.  It is related to xg by: 


















   (10) 
where M is the molecular mass of the substance.  
The moles of dissolved gas per gram of solvent at 1 atmosphere partial pressure of 
gas is defined as the weight solubility, Cw. 






     (11) 
 α , the Bunsen coefficient, is “the volume of gas reduced to 273.15K and 1 
atmosphere pressure which is absorbed by unit volume of solvent…under a partial 
pressure of 1 atmosphere.”12  In ideal conditions 




g 15.273      (12) 
and is related to xg by: 









α     (13) 
  
where 0gv   and 
o
lv  are the molar volumes of the gas and the liquid solvent, respectively, at 
one atmosphere partial pressure. 
The Ostwald coefficient,14 L, is a simple ratio of the volume of the gas dissolved in 
the volume of liquid at a specified temperature and pressure: 
 8





     (14) 
It is related to xg by: 














RT     (15) 
where R is the gas constant, and T and P are the temperature and pressure of the 
measurement, respectively.  Another solubility unit is the mole ratio, N: 





     (16) 
Lastly, is the Henry’s Law Constant, commonly defined as 
     Pg = kHxg     (17) 
where kH is the Henry’s Law Constant. As the term implies, kH was derived from the 
work of William Henry.  Different concentration units have been used for the Henry’s 
Law Constant. 
 
1.3 Solubility Data Sources 
Various solubility databases are available for reference and some of them are 
presented here.  Fogg and Gerrard9 discuss the solubility of gases in water and other 
liquids. Low pressure aqueous solubilities of gases are reviewed by Wilhelm et al.15 
Markham and Kobe10, in a review article, present the solubility of gases in various 
liquids.  Battino and Clever11, in a subsequent review article,  include findings since the 
former work.  The solubility of different gases in various liquids is presented graphically 
by Gerrard.16  Seidell and Linke17-19  and Stephen and Stephen20 provide solubilities of 
organic and inorganic compounds –a topic explored by Grant and Higuchi.21  Getzen22 
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reviews the thermodynamics of gas solubility in liquids. Extensive solubility data are 
provided in the Solubility Data Series23 and Landolt-B o&& rnstein.24  Battino has reviewed 
the high-precision solubilities of gases in water.25  Included in the International Critical 
Tables are the pHs of various buffers and indicators.26  Kertes et al. discuss methods of 
measuring the solubilities of gases in liquids,27 and Battino focuses on the use of the 
Ostwald coefficient.28  The physical chemistry of  water14,29,30  and various systems in 
aqueous solutions are covered.30  Molecular theory is applied to water and water 
solubility by Ben-Naim.31 Perram and Levine32 review numerous other theories that have 
been applied to the structure of water. 
 
1.4 The Solubility Process  
The process of solubility involves three general steps.  Consider the dissolution of 
CH4 in H2O.  The cohesive forces holding the CH4 molecules together in the gas state 
must be overcome.  Secondly, a cavity must form in water to accept the CH4 molecules.  
These first two steps are endothermic, but in the case of a gaseous solute, the cohesive 
energy is negligible since the gas molecules do not interact significantly.  Lastly, 
attractive forces must exist between CH4 and H2O such that CH4 is effectively soluble in 
H2O.  
 
1.5 Modeling Solubility 
In correlating solubilites the multiple linear regression (MLR) model was used. 
The MLR is of the general form  
lnS = c0 + c1x1 + c2x2 + … + cmxm   (18) 
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where the natural logarithm (ln) of the solubility (S) is fit to the descriptors x1, x2, …, xm 
having coefficients of c0, c1, c2, …, cm, respectively.  Various physical and topological 
descriptors have been used to model solubility in water.  The physical properties include 
boiling points, critical temperatures, critical pressures, critical volumes, dipole moments, 
molecular masses, and liquid molar volumes; as well as calculated physical properties 
such as the Hildebrand solubility parameter33,34 and polarizabilities.  Scientists have used 
entropies of fusion,35 surface areas,36-38and enthalpies and Gibbs energy changes39.   
Topological parameters are more desirable than experimental ones because they 
can be calculated from the structure of a molecule, and do not require experimental work.  
This thesis is concerned with modeling solubility using both simple topological 
parameters and physical properties.  A brief discussion of topological parameters follows.  
In 1947 Wiener proposed a path number w as a topological measure for determining the 
boiling points of paraffins.40 He also included w in following work on the enthalpy 
changes of isomerization and vaporization.41 w is the sum of the distances between all the 
carbon atoms in the hydrocarbon.  The example of butane is shown (Fig. 1.5).  
 
 




For this alkane w = 10, as given by the sum of the terms in the lower left triangle of the  
 







            w = 6 + 3 + 1 + 0 = 10 
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Another topological parameter sometimes used to describe solubility is the 
connectivity index, a numerical index based on the degree of branching of a molecule.  
As proposed by Randić in 1975,42 a valence δ is assigned to each carbon atom of the 
alkane and is the number of C-C bonds for which each carbon atom participates.  The  
C-C bond is defined mathematically as cmn = (1/ δm δn)1/2.  The sum of all C-C bonds is 
the connectivity index χ. 
      χ = ∑
bonds
mnc = ( )∑
bonds
nm
2/1/1 δδ    (19) 
Seybold et al.43 discuss w, χ, and other topological descriptors.  Kier et al. 37 found that 
the connectivity index correlated well with surface area, polarizability, and biological 
activity. This index also correlated well with the water solubility of alcohols and 
hydrocarbons and with the boiling points of alcohols.44  We sought to take their work a 
step further; using simple physical and topological descriptors to predict the solubilities 
of alcohols, halogenated hydrocarbons, and various gases in water. These descriptors 
included the numbers of electrons, carbon atoms, and terminal methyls as well as the 
above-mentioned physical properties. The descriptors are discussed briefly as needed. 
The normal boiling point is the temperature at which the vapor pressure of a 
liquid is one atmosphere or 1 bar.  When a solute is added to a solvent, as occurs in 
aqueous solubility, the vapor pressure decreases and results in an elevated boiling point 
of the solution. 
Critical temperature, critical pressure and critical volume are properties 
determined at the critical point.  When temperature is held constant and pressure is 
increasingly applied to a vapor the vapor liquefies.  Above a certain temperature, 
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however, the vapor cannot be liquefied by any additional increase in pressure.  This is 
called the critical point, and measurements of temperature, pressure, and molar volume at 
this point are the corresponding critical values.  Above the critical point the fluid phase is 
called a gas.  In this study, the critical volume Vc was used as an indicator of bulkiness.   
The Hildebrand solubility parameter33,34, δ, defined as  
δ = (Em/ V lm )
1/2    (20) 
was used as a descriptor in modeling solubility.  Here Em is the molar energy of 
vaporization at zero pressure (i.e. infinite separation of molecules), and V lm  is the molar 
volume of the liquid.  We used the square of the Hildebrand solubility parameter since 
this is related to the cohesive energy density.  The units of the solubility parameter are 
(cal cm-3)1/2 or (J cm-3)1/2.  Whereas obtaining V lm
 data is not difficult, there is difficulty 
in evaluating Em.  Hence, some methods of doing so are presented below. 
At low vapor pressures gases follow ideal gas behavior and Em can be expressed 
as    Em = ΔEvap = ΔHvap – PΔVm = ΔHvap – RT    (21) 
where ΔEvap and ΔHvap are the energy of vaporization and enthalpy of vaporization, 
respectively.  P is the pressure,   ΔVm the change in molar volume, R is the Rydberg gas 
constant (R = 8.314 J K-1 mol-1 = 0.08206 L atm K-1 mol-1) and T is the Kelvin 














    (22) 
At high vapor pressures PΔVm ≠ RT and corrections for nonideality may be applied.  
Often, however, these corrections are very small. 
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The above applies to calculating δ by measuring calorimetric enthalpies of 
vaporization.  When this is not possible, δ may be obtained from vapor pressure data.  
This is done via the Clausius-Clapeyron equation 
dT










H appvapΔ        (23) 
Here ΔVvap is the change in volume on vaporization (Vg – Vl), and ΔHvap,app is the 
apparent enthalpy of vaporization at low vapor pressure (i.e., ideal gas behavior).  
Because ideality is assumed in this equation PΔVm = RT. 
Defining ΔHvap,app as RT2 dT
pd ln  and rearranging gives the following: 
















VV    (24)  
Z is the compressibility factor (Z = PV gm /RT), and it accounts for the deviation of real 
gases from ideal gas behavior.  From the above one can obtain 









VV   (25) 









anP (V-nb) = nRT allows for the replacement of 
ΔEvap with Em, where Em = (ΔH vapp  - RT)Z and  


























ZRTappvap,H    (26) 
The Hildebrand Rule can be employed in estimating the enthalpy of vaporization when 
the value is not easily obtainable, as in the case of nonpolar liquids.  “This rule … states 
that the entropy of vaporization per mole is the same for all normal liquids when 
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compared at temperatures at which their vapors have equal molal volumes.  It follows 
directly from this that the entropy of vaporization (and, consequently, the heat of 
vaporization likewise) at a temperature T is a universal function of that temperature and 
the normal boiling point Tb.”†  R.L. Scott‡ proposed the following formulas: 
   298,vapHΔ (cal mole
-1) = -2950 + 23.7Tb + 0.020T 2b   (27) 
     bvapH ,Δ (cal mole
-1) = 17.0Tb + 0.009T 2b    (28)  
Here the subscript b refers to the normal boiling point. 
 The solubility parameter can also be estimated by measuring the solubility of a 
solid in a series of liquids and using the data obtained to calculate the solubility 
parameter. 
 As a crude estimation, a solubility parameter different from the “thermodynamic” 
value (Em/V lm )
1/2 is sometimes used.  This is the case for “imperfectly understood 
complications of simple solution theory”.§ 
 Barton34 advises against the use of other methods for estimating the solubility 
parameter –such as from the internal pressure, equations of state, critical constants and 
optical data, since these methods have proven to be unreliable.  The Hildebrand solubility 
parameter was specifically used in this study because it is a known measure of 
solubility.33,34 
 Another physical descriptor used in modeling solubility is the polarizability, α, a 
measure of the distortability of the electron density of an atom or molecule when it is 
placed in an electric field, B.  Molecules with unsaturated bonds or free lone pairs are 
                                                 
† Ref.33, p.168. 
‡ Ref.3 as cited by Hildebrand and Scott (ref.33) on p.168. 
§ Ref. 33, p.169 
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highly polarizable due to their large electron cloud.  Polarizability results from the 
temporary uneven distribution of charges in a molecule when the molecule is placed in an 
electric field.  This uneven distribution of charges induces a dipole moment μind, in the 
molecule.  Polarizability and dipole moment are directly proportional: 
     μind = α B     (29) 
where B is the electric field intensity.  The dipole moment is also defined as  
     μ = qr      (30) 
where q is the magnitude of the charges of the molecules and r is the distance between 
the charges.  This definition of μ is particularly useful as it gives information on the type 
of bond, ionic or covalent nature, as well as the electron distribution of the molecule.                             
            Polarity refers to the overall distribution of charge in a molecule.  It is used to 
describe a molecule with a permanent dipole moment.  Water is an example of a polar 
molecule -the hydrogens are electropositive and the oxygen is electronegative.  The water 
molecule has a dipole moment of 1.84 ( + 0.02 ) x 10-18 D,**45 created by the charge 
separations  (Fig. 1.6).     
 
                                  
      
 
Fig. 1.6 Dipole moment of H2O.  The concentration of electron density δ on O causes a 
dipole moment, symbolized by the crossed arrow.  The crossed tail of the arrow indicates 




                                                 






Molecular mass and molar volume were used as measures of molecular size, with 
the reasoning that the larger the molecule the more energy required to dissolve the 
molecule. 
 
1.6 Regression Statistics 
 Multiple regressions were done using Qsaris46, Statmost47, and Microsoft Excel48.  
The Qsaris program used here (Qsars, quality structure-activity relationships) is a “beta” 
version mainly used to determine Q2 and F.  Q2 is a measure of the contribution of a point 
in a plot, and F shows the significance of the coefficients.  The Qsaris program proved 
useful for predicting the best regressions based on R squared (R2) when comparing 
multiple variables.  As a test of significance, however, additional statistical programs 
were necessary.  In these studies Statmost was used to obtain the error of the coefficients 
in the regressions.  A residual of two or more standard deviations (95.5% probability) 
was regarded as an outlier and the regressions were reanalyzed excluding the outlier.   
In an experiment numerous replications are obtained.  Due to random and human 
error these measurements do not yield one exact value but rather center around an 
average value.  If the values are plotted as a function of the individual value’s percentage 
of the measurements (relative frequency) the result is a frequency of the deviation from 
the mean (Fig. 1.7).  It is assumed that the average value of the measurements 
















   (31) 
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where N is the number of measurements.  The measurements approximate μ  when 














      (32) 
where ix  is the i
th measurement and x  is the average measurement.  N-1 is the number of 
degrees of freedom.  Since by calculating s the degree of freedom of the sample is 
decreased by 1, the degree of freedom is therefore N-1.  s is generally used for a small 
number of measurements, typically N < 20. 
 Often the residual is expressed in terms of units of standard deviation, z, where  
z = 
σ
μ)( −x       (33) 
In the frequency of deviation, a Gaussian curve, the area under the curve is 
mathematically expressed as an integral49        














    (34) 
 where the integral of a defines the region of interest.  Fig. 7 shows the deviations in  












.  Thus 99.7% of the 
values are within the curve in the region selected, this is the confidence limit.  Within 














Fig. 1.7 Residuals as shown on a frequency distribution.   
 
1.7 Nature and Structure of Water 
As it was the solvent in our study, a discussion on the nature and structure of 
water is necessary.  Various interesting phenomena are found in nature due to the 
particular properties of water.  Water is especially unique because it forms an open lattice 
as ice.  Due to this open structure, ice has a lower density than liquid water, which has a 
maximum density at 40C.50  This is rare, and ice floats on water.  Were this not the case, 
ice would sink to the bottom of a body of water and freeze from the bottom up, killing all 
organisms in the mass of water in the process.  Because water expands upon freezing, it 
can seep into rock crevices, expand the crevices when frozen, and in the continuation of 
this process form soil from rocks.  Other anomalies arise in water as well; at O0C  (1 atm) 
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At 250C water has a positive slope of expansion, again unlike other liquids.14  The 
heat capacity of water at constant pressure, Cp, is relatively constant between 0 and 
1000C, however its viscosity decreases when pressure is applied below 300C.  Water has 
an extraordinarily high heat capacity per unit volume.  The high heat capacity of water 
enables oceans to absorb heat from warm currents and transport this heat to cooler 
regions. 
Due to its complexity, a clear and accepted model of water has yet to be 
developed.  An early model was the Bjerrum four-point-charge model.51  In this model 
the oxygen atom is located at the center of a regular tetrahedron of which the hydrogen 
atoms and oxygen lone pairs occupy the vertices of the tetrahedron.The diameter of the 
molecule is 0.282 nm and the distance from the central oxygen to a hydrogen is 0.1 nm.  
With continued advances in quantum mechanics, the Bjerrum model has been altered 
over the years. 
 Perram and Levine52 and Nemethy53 reviewed theories and models that have been 
proposed for liquid and ice water.  These included two-state and cluster, interstitial, 
continuum, cell theory, etc.  Eisenberg and Kauzmann54 included X-Ray diffraction as a 
technique used to deduce the structure of liquid water.  Bernard and Fowler55 used X-Ray 
diffraction to conclude that the water molecule coordinated in a tetrahedral manner. Ben-
Naim56 used quantum mechanics to describe the structure of water.  By considering the 
configuration of a pair of water molecules he defined the number of hydrogen bonds in a 
system, NHB, of an ice-like model. This is the basis of the two-structure model which he 
employed.   








H KKN    (35) 
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where )()1( KN H  is the average number of water molecules involved in K  hydrogen 
bonds. The 
2
1  was included so as not to count each hydrogen bond twice.  In the second 
definition, based on his earlier work with Stillinger57, Ben-Naim looked at the interaction 
energy between pairs of particles 1 and 2 which had the geometry of configuration Xi, Xj 
and stated the function 
D(Xi, Xj) = 1 if U(Xi, Xj) < EHB    
                    0 if U(Xi, Xj) > EHB     (36) 
 




21 XXDXXdXdX∫ ∫ δ   (37) 
 
“is the average number of pairs whose interaction energy is less than EHB.”†† 
 
Kern and Karplus59 started with the time-independent Schrödinger equation  
Htψn = Wnψn     (38) 
where Ht is the Hamiltonian function.  The stationary eigenstates ψn have energies Wn. 
As applied to the water molecule58,60, the Schrödinger equation is 
Ht = En + Ee + U    (39) 
The first two terms in Eqn.38 are the kinetic energies of the three nuclei (En) and ten 
electrons (Ee).  U is the potential energy of the electrostatic interactions of all pairs of 
particles.   
Since the mass of a proton (mp) is significantly greater than that of an electron 
(me), the ratio being mp/me = 1836, the Schrödinger equation can be approximated by 
assuming a force field in which the nuclei are fixed and only the electron motion is 
considered.  This is known as the Born-Oppenheimer approximation.61  A solution Фn for 
                                                 
†† Ref. 58, p.283. 
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Eqn.37 using the Born-Oppenheimer approximation  is the electronic Schrödinger 
equation 
HeФn(r;R) = En(R)Фn(r;R)    (40) 
For which (r;R) states the direct dependence of the electronic wave function Фn on the 
electron coordinates and the indirect dependence of Фn on the nuclear geometry.  
Benedict et al. 62 showed that the equilibrium (hypothetical state of no vibrational or   
rotational energy) bond lengths of D2O, H2O and HDO (Table 1.1) were equivalent, 
evidence of the Born-Oppenheimer approximation of the molecular electronic structure 
being independent of the nuclei mass. 
 
Table 1.1. Bond lengths and angles of heavy water (D2O) as compared to H2O. 
 
Molecule D2O H2O HDO 
bond length  
(10-8 cm) 
0.9575 0.95718 0.9571 
bond angle 104.4740 104.5230 104.5290 
Data Source: Ref. 62 
The Schrödinger equation, when solved for water, provides information regarding 
the internal motions (vibrational and rotational) of this molecule.  Water is known to have 
three principal vibrational motions; the symmetric valence stretch, deformation mode, 




Fig. 1.8 The three principal vibrational motions of the water molecule: The symmetric 
valence stretch ( ν1 = 3656.65 cm-1), the deformation mode ν2 = 1594.59 cm-1 ), and the 
asymmetric valence stretch (ν3 = 3755.79 cm-1) are shown, respectively. 
 
H H 
H H H 
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It is worth noting that an excited water molecule behaves differently compared to 
a ground state water molecule.  The bond angle decreases by 5.580 and the bond length 
increases by 0.006 x 10-8 cm.45  However, at room temperature this is not a problem.  The 
term κT, where κ is Boltzmann’s constant and T is the absolute temperature, is used as a 
gauge of whether a significant molecule population occupies the excited state.  Because 















most of the water molecules do not occupy the excited state at room temperature. 
 
1.8 Importance of Gases, Water, and the Halogenated Hydrocarbons  
 As water, gases, and chloro and fluoro hydrocarbons are the major substances 
studied in this paper we stress their importance to society.  All living organisms, plant 
and biological, rely on water to survive.  While many desert plants and animals, such as 
cactus and the turkey vulture, require little water, others such as fish and kelp are 
completely immersed in it.  Water is extremely important for these organisms as it is the 
medium through which they exist.  The jellyfish, composed of 98% water, relies on this 
liquid as a lubricant and for the secretion of mucopolysaccharides.60   
Because it is both a source and a sink for gases, the sea has been a topic of interest 
for many scientists studying gas solubility.  Enns et al. 58 measured the hydrostatic 
pressures of O2, N2, Ar, He and CO2 to model the pressures of these gases in the deep 
ocean.  Battino and Clever13 present the solubility of gases in water and seawater.  This 
topic has also been explored by other scientists,63-67 including via mass spectrometry.68 
Keir et al. 69 studied the effects of mixing of the Antarctic Ocean waters on gas exchange. 
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As Franks explains,60 humans produce 300g water daily by the oxidation of 
glucose in the mitochondria.  The enthalpy change of this process is stored in the form of 
adenosine triphosphate (ATP).  Approximately 100 mol ATP is synthesized along with 
300g H2O (i.e., ~16.5 mol H2O) in the oxidation of glucose.  Consider the reaction: 
C6H12O6 + 6O2 + 38ADP + 38Pi = 6CO2 + 6H2O + 38 ATP  (41) 
where ADP is adenosine diphosphate and Pi is inorganic phosphate.  ATP provides 
energy for molecular synthesis, osmotic energy, muscle contraction, nerve stimulation, 
etc.   
The kidney monitors the supply and salinity of water in the body.  By this organ, 
about 1.45L urine is concentrated from processing 180L of bodily fluid (blood), and 
excreted daily.60,70  The remaining blood is recycled and reused in the body. 
 In the past decades, with the rise in global warming, many scientists have been 
warning the public of the dependence of the earth’s ecosystem on a stable balance of 
water in the environment.  Philippon et al. 71 concluded from their studies that the last 
deglaciation of Antarctica increased the sea level by 9.5m. Findings of this sort are 
especially troublesome as scientists are grappling with the consequences of melting 
glaciers. Just as problematic is the effect of global warming on the earth’s intricate ocean 
currents.  Because these are not well understood, many worry about the effects of rising 
temperatures and sea levels in regards to the flow of water on earth. 
 Like water, gases have many applications in our society, such as carrier gases in 
analytical instruments.  Helium, nitrogen and hydrogen are used in gas chromatographs.  
The choice of which gas to use depends on the detector.  The flame ionization detector 
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uses hydrogen mixed with air in a burner.  Hydrogen and helium are employed in thermal 
conductivity detectors.  Nitrogen is used in electron-capture detectors. 
 The chloro and fluoro hydrocarbons, also studied in this work, are used in 
industry as aerosol propellants (Table 1.2),72 and as refrigerants.   
 
Table 1.2. Common Propellants 
dimethyl ether Cl3FC (CFC-11) 
methylethyl ether Cl2F2C (CFC-12) 
isobutane propane 
nitrous oxide n-butane 
 
 
The chlorofluorocarbons (CFCs) interact with and deplete ozone in the stratosphere by 
forming reactive Cl atoms.73  Therefore they have been replaced with the 
hydrochlorofluorocarbons (HCFCs) and the hydrofluorocarbons (HFCs).  The HCFCs 
have a shorter lifetime than the CFCs due to the reaction of the hydrogen with hydroxide 
in the atmosphere.74 The HFCs are particularly attractive because they do not contain the 
problematic Cl atoms.  Asthma inhalers contain the HFCs 1,1,1,2-tetrafluoroethane and 
1,1,1,2,3,3,3-heptafluoropropane.75 
As shown above, gases, water, and the chloro and fluoro hydrocarbons are 
important to every one!  They have many applications; from hydrochlorofluorocarbons as 
refrigerants, oxygen in life-support machines, various carrier gases in analytical 
instruments, etc.  As the nearly universal solvent, water dissolves many substances.  It is 
present all around us, water enters the food chain at all levels.  Also, water is used in 
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industry in preparing cleaning agents, packaged foods, and much more.  It serves as a 
temperature moderator in cooling sources of heat such as engines and nuclear power 
plants. Its solubility, as well its unique properties, make this liquid one of special 
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Aqueous Solubility of Alcohols at 298.15K  
 
 
2.1 Abstract  
 
Statmost and Excel were employed in modeling the solubilities of sixty-eight 
alcohols in water.  The models were developed using only simple topological features of 
the alcohols.  These features accounted for the bulkiness, compactness, and steric 
hindrance of the compounds.  The three characteristics combined resulted in a good 
multiple regression fit ( R2 = 0.991 ) with the natural log (lnS) of the experimental molar 
aqueous solubilities of the alcohols. 
 
2.2 Introduction 
As an important consideration in drug design, the effect of drug functional groups 
on solubility is of concern to the pharmaceutical industry.1,2  One of those functional 
groups, the hydroxyl group, which defines the class of compounds known as alcohols is 
considered in this chapter.  For example, the stability of chloramphenicol, a drug used to 
treat trachoma and keratitis eye diseases, was studied by Lv, Zheng and Tung.1  Alcohols 
were included in an analysis of the permeability of monofunctional solutes in the 
epidermis.2  While scientists have sought to describe the solubility of alcohols in water 
using surface area3,4, molecular connectivity indices4-6, boiling points and entropies of 
fusion5,7, a simpler topological model has not been developed.  By using straightforward 
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topological characteristics such as the number of carbons, aqueous alcohol solubility can 





Data on the solubilities of alcohols in water were taken from the papers of 
Amidon et al.3 (54 alcohols as molal solubilities, m) and Yalkowsky and Valvani7 (65 
alcohols as molar solubilities, S) and were obtained at 298.15K and combined into one 
dataset.◊  The alcohols from both authors were compatible (Table 2.1, difference) and 
were averaged except for the case in which only one of the authors reported the alcohol, 
as in the example of 2-methyl-2-heptanol.    
The alcohols in this study were reported in the original papers in molar and molal 
solubility units.  The conversion factor between these units is small and the solubility is 
the same even at very high values.  The dataset of Yalkowsky and Valvani7 was used to 
illustrate this point (Table 2.2).  The molalities were calculated from the molarities using 
a specific gravity of 997.13 kg/m3 for water.11  The alcohol solubilities in water are 






                                                 
◊ Amidon et al. obtained molal solubilities from a variety of sources, referenced in footnote a of Table I in 
their paper.  Yalkowsky and Valvani averaged molar solubilities from reference 2 in their article. 
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Table 2.1 Solubilities of Alcohols in Water as Reported by Yalkowsky and Valvani7 (Y) 
and Amidon et al.3 (A), as Ordered by Increasing Difference 
 
Alcohol Y lnS Y S A lnS A S Difference (S) 
1-nonanol -6.9308 0.0010 -6.9080 0.0010 0.0000 
7-methyl-1-octanol -5.7334 0.0032 -5.7450 0.0032 0.0000 
2-nonanol -6.3091 0.0018 -6.3200 0.0018 0.0000 
3-nonanol -6.1249 0.0022 -6.1190 0.0022 0.0000 
4-nonanol -5.9637 0.0026 -5.9520 0.0026 0.0000 
5-nonanol -5.7334 0.0032 -5.7450 0.0032 0.0000 
2,6-dimethyl-4-heptanol -5.7795 0.0031 -5.7760 0.0031 0.0000 
1-dodecanol -11.0524 0.0000 -10.6800 0.0000 0.0000 
1-tetradecanol -13.4471 0.0000 -13.4370 0.0000 0.0000 
1-pentadecanol -14.6214 0.0000 -14.6140 0.0000 0.0000 
1-hexadecanol -16.1181 0.0000 -15.5870 0.0000 0.0000 
1-octadecanol -19.3417 0.0000 ---------- ---------- 0.0000 
3-ethyl-3-heptanol -5.5756 0.0038 -5.5730 0.0038 0.0000 
1-decanol -8.2893 0.0003 -8.5170 0.0002 0.0001 
1-octanol -5.4571 0.0043 -5.4010 0.0045 0.0002 
2,2,3-trimethyl-3-pentanol -2.9243 0.0537 -2.9320 0.0533 0.0004 
2-octanol -4.8124 0.0081 -4.7560 0.0086 0.0005 
1-heptanol -4.2137 0.0148 -4.1670 0.0155 0.0007 
2-ethyl-1-hexanol -4.8585 0.0078 -4.9970 0.0068 0.0010 
4-heptanol -3.2236 0.0398 -3.1970 0.0409 0.0011 
2-undecanol -6.7696 0.0011 ---------- ---------- 0.0011 
2,4-dimethyl-3-pentanol -2.8322 0.0589 -2.8020 0.0607 0.0018 
2,2-dimethyl-3-pentanol -2.6710 0.0692 -2.6440 0.0711 0.0019 
3,5-dimethyl-4-heptanol -5.7795 0.0031 -5.2980 0.0050 0.0019 
3-methyl-1-butanol -1.1743 0.3090 -1.1680 0.3110 0.0020 
2-methyl-2-hexanol -2.5098 0.0813 -2.4730 0.0843 0.0030 
3,5,5-trimethyl-1-hexanol   -5.7700 0.0031 0.0031 
2,2-diethyl-1-pentanol -5.5723 0.0038 ---------- ---------- 0.0038 
1-hexanol -2.8552 0.0575 -2.7900 0.0614 0.0039 
3-methyl-3-hexanol -2.3026 0.1000 -2.2630 0.1040 0.0040 
2-hexanol -2.0263 0.1318 -1.9950 0.1360 0.0042 
3-heptanol -3.3157 0.0363 -3.1940 0.0410 0.0047 
2-methyl-3-pentanol -1.6348 0.1950 -1.6090 0.2001 0.0051 
2,3-dimethyl-3-pentanol -1.9802 0.1380 -1.9380 0.1440 0.0060 
2,4-dimethyl-2-pentanol -2.2105 0.1096 -2.1460 0.1170 0.0074 
4-methyl-2-pentanol -1.8651 0.1549 -1.8140 0.1630 0.0081 
3-hexanol -1.8881 0.1514 -1.8330 0.1599 0.0085 
3-methyl-2-pentanol -1.7039 0.1820 -1.6400 0.1940 0.0120 
2,3-dimethyl-2-pentanol -2.0954 0.1230 -2.0020 0.1351 0.0121 






Table 2.1 Solubilities of Alcohols in Water as Reported by Yalkowsky and Valvani7 (Y) 
and Amidon et al.3 (A), as Ordered by Increasing Difference. (continued) 
           
Alcohol Y lnS Y S A lnS A S Difference (S)
1-pentanol -1.4046 0.2455 -1.3470 0.2600 0.0145 
3,3-dimethyl-2-butanol -1.4737 0.2291 -1.4110 0.2439 0.0148 
2-methyl-1-butanol -1.1052 0.3311 -1.0580 0.3471 0.0160 
2-methyl-2-pentanol -1.1743 0.3090 -1.1180 0.3269 0.0179 
2-methyl-2-heptanol -3.9605 0.0191 --------- ---------- 0.0191 
2,4-dimethyl-1-pentanol -3.6841 0.0251 --------- --------- 0.0251 
3-methyl-3-heptanol -3.6841 0.0251 --------- ---------- 0.0251 
4,4-dimethyl-1-pentanol -3.5690 0.0282 --------- ---------- 0.0282 
2-heptanol -3.5690 0.0282 ---------- ---------- 0.0282 
3-methyl-3-pentanol -0.8980 0.4074 -0.8300 0.4360 0.0286 
1-butanol -0.0230 0.9772 0.0060 1.0060 0.0288 
4-methyl-1-pentanol -2.6250 0.0724 -2.2830 0.1020 0.0296 
2,2-dimethyl-1-pentanol -3.4999 0.0302 ---------- ---------- 0.0302 
2,2-dimethyl-1-propanol -0.9671 0.3802 -0.8890 0.4111 0.0309 
2,3-dimethyl-2-butanol -0.9441 0.3890 -0.8510 0.4270 0.0380 
3-pentanol -0.5526 0.5754 -0.4860 0.6151 0.0397 
2-pentanol -0.7138 0.4898 -0.6350 0.5299 0.0401 
5-methyl-2-hexanol -3.1776 0.0417 ---------- ---------- 0.0417 
2-methyl-3-hexanol -3.0394 0.0479 ---------- ---------- 0.0479 
3-methyl-2-butanol -0.4835 0.6166 -0.4050 0.6670 0.0504 
3-ethyl-1-butanol   -2.7870 0.0616 0.0616 
2-ethyl-1-butanol -2.6940 0.0676 ---------- ---------- 0.0676 
2-methyl-1-pentanol -2.5559 0.0776 ---------- ---------- 0.0776 
2,2-dimethyl-1-butanol -2.3947 0.0912 ---------- ---------- 0.0912 
2-methyl-1-propanol 0.1382 1.1482 0.0230 1.0233 0.1249 
2-methyl-2-butanol 0.2072 1.2303 0.3390 1.4035 0.1732 
2,3,3-trimethyl-2-butanol -1.6579 0.1905 ---------- ---------- 0.1905 
3,3-dimethyl-1-butanol -1.1513 0.3162 -2.5900 0.0750 0.2412 
cyclohexanol -1.0362 0.3548 ---------- ---------- 0.3548 









Table 2.2 Alcohol Solubilities in Molal and Molar Units From the Dataset of Yalkowsky 
and Valvani,7 as Ordered by Increasing Solubilities. 
 
alcohol lnS molarity S/mol/L molality m/mol/kg 
1-octadecanol -19.342 3.98E-09 3.99E-09 
1-hexadecanol -16.118 1E-07 1E-07 
1-pentadecanol -14.621 4.47E-07 4.48E-07 
1-tetradecanol -13.447 1.45E-06 1.45E-06 
1-dodecanol -11.052 1.59E-05 1.59E-05 
1-decanol -8.2893 0.000251 0.000252 
1-nonanol -6.9308 0.000977 0.000980 
2-undecanol -6.7696 0.001148 0.001151 
2-nonanol -6.3091 0.00182 0.00182 
3-nonanol -6.1249 0.002188 0.002194 
4-nonanol -5.9637 0.00257 0.00258 
2,6-dimethyl-4-heptanol -5.7795 0.00309 0.00310 
3,5-dimethyl-4-heptanol -5.7795 0.00309 0.00310 
7-methyl-1-octanol -5.7334 0.003236 0.003245 
5-nonanol -5.7334 0.003236 0.003245 
2,2-diethyl-1-pentanol -5.5723 0.003802 0.003813 
1-octanol -5.4571 0.004266 0.004278 
2-ethyl-1-hexanol -4.8584 0.007763 0.007785 
2-octanol -4.8124 0.008128 0.008152 
1-heptanol -4.2137 0.01479 0.01483 
2-methyl-2-heptanol -3.9604 0.01906 0.01911 
2,4-dimethyl-1-pentanol -3.6841 0.02512 0.02520 
3-methyl-3-heptanol -3.6841 0.02512 0.02519 
4,4-dimethyl-1-pentanol -3.569 0.02818 0.02826 
2-heptanol -3.569 0.02818 0.02826 
2,2-dimethyl-1-pentanol -3.4999 0.0302 0.0303 
3-heptanol -3.3157 0.03631 0.03641 
4-heptanol -3.2236 0.03981 0.03993 
5-methyl-2-hexanol -3.1776 0.04169 0.04181 
2-methyl-3-hexanol -3.0394 0.04786 0.04800 
2,2,3-trimethyl-3-pentanol -2.9243 0.05370 0.05386 
1-hexanol -2.8552 0.05754 0.05771 
2,4-dimethyl-3-pentanol -2.8322 0.05888 0.05905 
2-ethyl-1-butanol -2.694 0.06761 0.06780 
2,2-dimethyl-3-pentanol -2.6715 0.06915 0.06935 
4-methyl-1-pentanol -2.625 0.07244 0.07265 
2-methyl-1-pentanol -2.5559 0.07762 0.07785 
2-methyl-2-hexanol -2.5098 0.08128 0.08152 
2,2-dimethyl-1-butanol -2.3947 0.0912 0.0915 
3-methyl-3-hexanol -2.3026 0.1000 0.1003 
2,4-dimethyl-2-pentanol -2.2105 0.1096 0.1100 




Table 2.2 Alcohols solubilities in molal and molar units from the dataset of Yalkowsky 
and Valvani,7 as ordered by increasing solubilities. (continued) 
 
alcohol lnS molarity Smol/L molality /mol/kg 
2-hexanol -2.0263 0.1318 0.1322 
3-ethyl-3-pentanol -2.0032 0.1349 0.1353 
2,3-dimethyl-3-pentanol -1.9802 0.1380 0.1384 
3-hexanol -1.8881 0.1514 0.1518 
4-methyl-2-pentanol -1.8651 0.1549 0.1553 
3-methyl-2-pentanol -1.7039 0.1820 0.1825 
2,3,3-trimethyl-2-butanol -1.6579 0.1905 0.1911 
2-methyl-3-pentanol -1.6348 0.1950 0.1956 
3,3-dimethyl-2-butanol -1.4736 0.2291 0.2298 
1-pentanol -1.4046 0.2455 0.2462 
3-methyl-1-butanol -1.1743 0.3090 0.3099 
2-methyl-2-pentanol -1.1743 0.3090 0.3099 
3,3-dimethyl-1-butanol -1.1513 0.3162 0.3171 
2-methyl-1-butanol -1.1052 0.3311 0.3321 
2,2-dimethyl-1-propanol -0.9671 0.3802 0.3813 
2,3-dimethyl-2-butanol -0.9441 0.3890 0.3901 
3-methyl-3-pentanol -0.898 0.4074 0.4086 
2-pentanol -0.7138 0.4898 0.4912 
3-pentanol -0.5526 0.5755 0.5771 
3-methyl-2-butanol -0.4835 0.6166 0.6184 
1-butanol -0.023 0.9773 0.9801 
2-methyl-1-propanol 0.1382 1.1482 1.1515 
2-methyl-2-butanol 0.2072 1.2302 1.2338 











Statistical analyses were performed using Statmost8, QSARIS9, and Microsoft 
Excel10.  The Statmost statistical program was used to analyze the natural log of the 
molar solubility (lnS) for the combined dataset against the number of carbons (NC), 
number of carbons squared (NC2), number of terminal methyl groups (TM), number of 
carbons bonded to the alpha (hydroxyl-bearing) carbon (CA), and number of beta carbons 
(CB) two bonds removed from the alpha carbon of each alcohol.  A sample molecular 
graph of 2-methyl-1-propanol is shown in Fig.2.1.  The results were plotted in Excel and 





Fig.2.1 The hydrogen-suppressed graph of 2-methyl-1-propanol.  Open ovals represent 
carbons and the filled oval represents the OH group.  For this compound TM = 2,  





CB and NC2 were not significant descriptors.  The best regression found for this 
combined dataset was 
lnS = 4.469 (± 0.203) – 1.334 NC (± 0.018) + 0.2128 TM (± 0.0534) 
       + 0.6291 CA (± 0.0725)              (1) 
n = 68, R2 = 0.991, s = 0.364, F = 2366, Q2 = 0.989 
 
Statistics for Eqn.1 are listed in Table 2.3.  All of the descriptors in Eqn.1 were highly   
significant, as determined by their t-test values (all ≥ |4| ). 
C3 C2 C1 OH
C4 
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Table 2.3. Statistics for the Parameters in Equation 1. 
 
Parameter t-Value p-Value 
Coefficient 22.0 0.0000 
NC -76.4 0.0000 
TM 3.98 0.0002 
CA 8.67 2.10E-12
 
Removing the outliers in Eqn.1, 7-methyl-1-octanol, cyclohexanol, and 2-undecanol 
improved the regression slightly.  R2 increased from 0.991 to 0.997.  Analyzing the 
dataset using NC, TM, and CA and removing the three outliers gave: 
lnS = 4.355 (± 0.119) – 1.339 NC (± 0.010) + 0.3143 TM (± 0.0333) 
               + 0.5411 CA (± 0.0432)                        (2) 
n = 65, R2 = 0.997, s = 0.207, F = 7206, Q2 = 0.997 
 
Using NC alone gave a good regression (note that t-test = 41 for NC): 
 
     lnS = 6.574 (± 0.266) – 1.392 NC (± 0.034)                                         (3) 
n = 68, R2 = 0.963, s = 0.730, F = 1713, Q2 = 0.960 
 
Three significant outliers were noted for Eqn.3, that is, residuals of 1.513, 1.633, and 
1.969 were calculated for 2,3,3-trimethyl-2-butanol, 2,2,3-trimethyl-3-pentanol, and 2-
undecanol, respectively.  Removing the outliers resulted in:  
lnS = 6.615 (± 0.236) – 1.408 NC (± 0.030)            (4) 
  n = 65, R2 = 0.972, s = 0.640, F = 2215, Q2 = 0.972 
Removing the three outliers slightly improved the correlations.   
Graphs 2.1 and 2.2 compare the experimental and calculated lnS of Eqns.1 and 3, 
respectively.  The calculated and experimental lnS values are in Table 2.4 and Table 2.5.  
 38
 Graph 2.1 Experimental and Calculated (Eqn. 
1) Alcohol Solubilities in Water



































Table 2.4. Experimental and Calculated Molar Solubilities (Eqn.1: NC, TM, CA) in 
Water. 
 
Alcohol lnSexp lnScalc Alcohol lnSexp lnScalc 
2-butanol 0.4805 0.8157 2,4-dimethyl-3-pentanol -2.8184 -2.7612 
2-methyl-2-butanol 0.2715 0.3234 1-hexanol -2.8242 -2.6945 
2-methyl-1-propanol 0.0790 0.1866 2,2,3-trimethyl-3-pentanol -2.9295 -3.2535 
1-butanol -0.0100 -0.0262 2-methyl-3-hexanol -3.0394 -2.9740 
3-methyl-2-butanol -0.4457 -0.3057 5-methyl-2-hexanol -3.1776 -2.9740 
3-pentanol -0.5208 -0.5185 4-heptanol -3.2116 -3.1868 
2-pentanol -0.6758 -0.5185 3-heptanol -3.2564 -3.1868 
3-methyl-3-pentanol -0.8655 -1.0107 2,2-dimetyl-1-pentanol -3.4999 -3.6031 
2,3-dimethyl-2-butanol -0.8990 -0.7979 4,4-dimethyl-1-pentanol -3.5690 -3.6031 
2,2-dimethyl-1-propanol -0.9296 -0.9348 2-heptanol -3.5690 -3.1868 
cyclohexanol -1.0362 -2.2782 3-methyl-3-heptanol -3.6841 -3.6791 
2-methyl-1-butanol -1.0833 -1.1476 2,4-dimethyl-1-pentanol -3.6841 -3.6031 
2-methyl-2-pentanol -1.1475 -1.0107 2-methyl-2-heptanol -3.9605 -3.6791 
3-methyl-1-butanol -1.1726 -1.1476 1-heptanol -4.1918 -4.0287 
1-pentanol -1.3773 -1.3604 2-octanol -4.7856 -4.5210 
3,3-dimethyl-2-butanol -1.4436 -1.4270 2-ethyl-1-hexanol -4.9290 -5.1501 
2-methyl-3-pentanol -1.6236 -1.6398 1-octanol -5.4308 -5.3629 
2,3,3-trimethyl-2-butanol -1.6579 -1.9193 3,5-dimethyl-4-heptanol -5.5403 -5.4296 
3-methyl-2-pentanol -1.6733 -1.6398 2,2-diethyl-1-pentanol -5.5723 -6.2714 
4-methyl-2-pentanol -1.8410 -1.6398 3-ethyl-3-heptanol -5.5756 -5.0132 
3-hexanol -1.8618 -1.8526 5-nonanol -5.7405 -5.8551 
3,3-dimethyl-1-butanol -1.8722 -2.2689 7-methyl-1-octanol -5.7405 -6.4842 
2,3-dimethyl-3-pentanol -1.9605 -2.1321 2,6-dimethyl-4-heptanol -5.7794 -5.4296 
3-ethyl-3-pentanol -1.9617 -2.3449 4-nonanol -5.9594 -5.8551 
2-hexanol -2.0121 -1.8526 3-nonanol -6.1235 -5.8551 
2,3-dimethyl-2-pentanol -2.0504 -2.1321 2-nonanol -6.3160 -5.8551 
2,4-dimethyl-2-pentanol -2.1795 -2.1321 2-undecanol -6.7696 -8.5235 
3-methyl-3-hexanol -2.2844 -2.3449 1-nonanol -6.9207 -6.6970 
2,2-dimethyl-1-butanol -2.3947 -2.2689 1-decanol -8.4046 -8.0312 
4-methyl-1-pentanol -2.4553 -2.4817 1-dodecanol -10.8676 -10.6995 
2-methyl-2-hexanol -2.4931 -2.3449 1-tetradecanol -13.4435 -13.3679 
2-methyl-1-pentanol -2.5559 -2.4817 1-pentadecanol -14.6191 -14.7020 
2,2-dimethyl-3-pentanol -2.6588 -2.7612 1-hexadecanol -15.8542 -16.0362 
2-ethyl-1-butanol -2.6940 -2.4817 1-octadecanol -19.3417 -18.7045 
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Graph 2.2 Experimental and Calculated 
(Eqn.3) Alcohol Solubilities in Water







































Table 2.5. Experimental and Calculated Molar (Eqn. 3: NC) Solubilities in Water. 
 
Alcohol lnSexp lnScalc Alcohol lnSexp lnScalc 
2-butanol 0.4805 1.0056 2,4-dimethyl-3-pentanol -2.8184 -3.1705 
2-methyl-2-butanol 0.2715 -0.3864 1-hexanol -2.8242 -1.7784 
2-methyl-1-propanol 0.0790 1.0056 2,2,3-trimethyl-3-pentanol -2.9295 -4.5625 
1-butanol -0.0100 1.0056 2-methyl-3-hexanol -3.0394 -3.1705 
3-methyl-2-butanol -0.4457 -0.3864 5-methyl-2-hexanol -3.1776 -3.1705 
3-pentanol -0.5208 -0.3864 4-heptanol -3.2116 -3.1705 
2-pentanol -0.6758 -0.3864 3-heptanol -3.2564 -3.1705 
3-methyl-3-pentanol -0.8655 -1.7784 2,2-dimethyl--pentanol -3.4999 -3.1705 
2,3-dimethyl-2-butanol -0.8990 -1.7784 4,4-dimethyl-1-pentanol -3.5690 -3.1705 
2,2-dimethyl-1-propanol -0.9296 -0.3864 2-heptanol -3.5690 -3.1705 
cyclohexanol -1.0362 -1.7784 2,4-dimethyl-1-pentanol' -3.6841 -3.1705 
2-methyl-1-butanol -1.0833 -0.3864 3-methyl-3-heptanol -3.6841 -4.5625 
2-methyl-2-pentanol -1.1475 -1.7784 2-methyl-2-heptanol -3.9605 -4.5625 
3-methyl-1-butanol -1.1726 -0.3864 1-heptanol -4.1918 -3.1705 
1-pentanol -1.3773 -0.3864 2-octanol -4.7856 -4.5625 
3,3-dimethyl-2-butanol -1.4436 -1.7784 2-ethyl-1-hexanol -4.9290 -4.5625 
2-methyl-3-pentanol -1.6236 -1.7784 1-octanol -5.4308 -4.5625 
2,3,3-trimethyl-2-butanol -1.6579 -3.1705 3,5-dimethyl-4-heptanol -5.5403 -5.9545 
3-methyl-2-pentanol -1.6733 -1.7784 2,2-diethyl-1-pentanol -5.5723 -5.9545 
4-methyl-2-pentanol -1.8410 -1.7784 3-ethyl-3-heptanol -5.5756 -5.9545 
3-hexanol -1.8618 -1.7784 7-methyl-1-octanol -5.7405 -5.9545 
3,3-dimethyl-1-butanol -1.8722 -1.7784 5-nonanol -5.7405 -5.9545 
2,3-dimethyl-3-pentanol -1.9605 -3.1705 2,6-dimethyl-4-heptanol -5.7794 -5.9545 
3-ethyl-3-pentanol -1.9617 -3.1705 4-nonanol -5.9594 -5.9545 
2-hexanol -2.0121 -1.7784 3-nonanol -6.1235 -5.9545 
2,3-dimethyl-2-pentanol -2.0504 -3.1705 2-nonanol -6.3160 -5.9545 
2,4-dimethyl-2-pentanol -2.1795 -3.1705 2-undecanol -6.7696 -8.7385 
3-methyl-3-hexanol -2.2844 -3.1705 1-nonanol -6.9207 -5.9545 
2,2-dimethyl-1-butanol -2.3947 -1.7784 1-decanol -8.4046 -7.3465 
4-methyl-1-pentanol -2.4553 -1.7784 1-dodecanol -10.8676 -10.1305
2-methyl-2-hexanol -2.4931 -3.1705 1-tetradecanol -13.4435 -12.9145
2-methyl-1-pentanol -2.5559 -1.7784 1-pentadecanol -14.6191 -14.3065
2,2-dimethyl-3-pentanol -2.6588 -3.1705 1-hexadecanol -15.8542 -15.6985








Graphs 2.3 and 2.4 show the effect of removing the outliers in Eqns. 1 and 3. 
Graph 2.3 Experimental and Calculated Alcohol 
Solubilities (Eqn.2:NC, TM, CA 
n = 65) in Water
















Graph 2.4 Experimental and Calculated 
Alcohol Solubilities (Eqn.4: NC 
n = 65) in Water  



















2.5 Discussion  
Most of the alcohols were well-modeled by Eqns. 1 and 3.  Exceptions are listed 
in Table 2.6.  The parameters CB and NC2 did not enter as significant descriptors in this 
study.  Although the regressions using only the major contributor NC had very good 
statistics, the results were enhanced significantly by the inclusion of TM and CA, R2 went 
from 0.972 to 0.991.  Removing the three outliers improved the fit of the equation to the 
data slightly, as evidenced by the higher F and R2 values. 
 
Table 2.6. Alcohols Not Well Accounted for by the Present Models. 
 
Alcohol Eqn. lnSExp lnSCalc (Eqn.2) Residual Std. Dev. 
2-undecanol 1 -6.7696 -8.5235 1.7539 0.364 
cyclohexanol 1 -1.0362 -2.2782 1.2420 0.364 
7-methyl-1-octanol 1 -5.7405 -6.4842 0.7438 0.364 
      
2-undecanol 3 -6.7696 -8.7385 1.9689 0.730 
2,2,3-trimethyl-3-pentanol 3 -2.9295 -4.5625 1.6330 0.730 
2,3,3-trimethyl-2-butanol 3 -1.6579 -3.1704 1.5126 0.730 
 
The outliers in Eqn.3 (NC) suggest that this model does not account well for 
highly branched alcohols.  2-undecanol was an outlier in both regressions.  The value 
reported may not be accurate for this alcohol, or it is not well-modeled using the selected 
topological descripors.   
Amidon et al. reported a hydrocarbon surface area, similar to NC and NC2, that 
regressed well with the aqueous solubility of alcohols ( r = 0.94 ).3  Their best regression 
included the hydrocarbon and hydroxyl surface areas, with an additional term accounting 
for the presence of a hydroxyl group ( r = 0.992 ).    Hall et al. used a simple connectivity 
index calculated from the molecular skeleton of the alcohol ( r = 0.978 ).5  However, their 
connectivity index4,5 was not as easy to calculate as taking the sums of the carbons, 
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terminal methyls, and hydroxyl groups; and it involved the use of square roots.  The same 
holds true for Yalkowsky and Valvani, who modeled solubility using the entropy of 
fusion ( r = 0.994 ).7  Lučić et al. employed a more complicated connectivity index  
( r = 0.987 to 0.998 ).6  Although they included up to seven descriptors, the regressions 
did not change significantly with an increase in the number of indices. 
This study shows that simple structural information alone can be used to obtain an 
accurate regression equation describing the solubilities of mono-aliphatic alcohols in 
water.  As the major contributing factor, the number of carbons can give a quick estimate 
of the solubility.  NC measures the bulkiness of the molecule, TM the compactness, and 
CA the steric hindrance around the OH group.  Taken together these three factors account 
well for the solubilities.   
The signs of the coefficients in the regression equations supply information on how 
the features represented affect the solubilities.  The sign for NC was always negative, 
indicating, as expected, that the more massive alcohols are less soluble.  This observation 
is in agreement with the work of Amidon et al.3  Both TM and CA had consistently 
positive coefficients, indicating that branching and hindrance about the hydroxyl group 
enhanced solubility.  Amidon et al. also found this trend to be true in their analysis.3  
However, it was somewhat surprising that solubility increased with hindrance of the OH 
group, since a priori one might expect exposure of the OH group would increase 
solubility.  Since larger CA values imply to some extent greater TM values, it may be that 






NC was a sufficient descriptor to obtain a good correlation of alcohol solubility in 
water.  However, the regression was enhanced by including TM and CA.  Alcohol 
solubility in water decreased with mass and increased with branching and steric 
hindrance of the OH group.  These findings were consistent with the results of  
Amidon et al.3  The main advantage of this study over others3-7 was that the descriptors 
used here were easier to calculate from the molecular skeleton.  
A further analysis might examine the use of this model in the study of 
polyalcohols and cyclic alcohols.  Of the compounds in the original experimental study, 
only one, cyclohexanol, was a cyclic alcohol.  The study of alcohols with multiple OH 
groups might reveal other effects on the solubilities of alcohols in water.  The inclusion 
of these polyalcohols as well as cyclic alcohols would allow the prediction of a wider 
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Regression analyses were performed on the natural logarithm of the aqueous mole 
fraction solubilities (x2) of seventy-one halogenated hydrocarbons at 298.15K using the 
following experimental descriptors: Hildebrand’s solubility parameter (δ), molecular 
mass (MM), normal boiling point (Tb), critical temperature (Tc), critical pressure (Pc), 
critical volume (Vc), and dipole moment (DM).  (Although MM may reasonably be 
considered to be a topological descriptor, it is being placed with the experimental 
descriptors.)  Regressions were also performed with the following topological 
descriptors: number of hydrogens (NH), number of fluorines (NF), number of chlorines 
(NCl), number of bromines (NBr), number of iodines (NI), calculated polarizability 
(POL), total electrons (NE), valence electrons (EV), lone pairs (LP), number of carbons 
(NC), number of halogens (NX), number of methyl groups (NCH3), number of methylene 
groups (NCH2), number of carbons with one halogen (NCX1), number of carbons with 
two halogens (NCX2), number of carbons with three halogens (NCX3), the polar 
hydrogen parameter (QH), hydrogens attached to and adjacent to the fluorine-bearing 
carbon (NHFA and NHFB, respectively), hydrogens attached to and adjacent to the 
 48
chlorine-bearing carbon (NHClA and NHClB, respectively), hydrogens attached to and 
adjacent to the bromine-bearing carbon (NHBrA and NHBrB, respectively), and 
hydrogens attached to and adjacent to the iodine-bearing carbon (NHIA and NHIB, 
respectively).  
The regression analyses revealed various combinations of three-descriptor 
experimental regressions that predicted lnx2 very well.  Two regressions, one with MM, 
Tb, and Vc; and the other with MM, Tb, and Pc, were best suited for this study since these 
descriptors are easily accessible and gave good results. 
 
 3.2 Introduction 
Among the methods used to predict the solubility of the halogenated 
hydrocarbons is the quantitative structure-property (QSPR) relationship and the 
quantitative structure-activity relationship (QSAR).1-5  In the QSPR approach; 
topological, geometric, and electronic descriptors are generated using programs such as 
Automated Data Analysis and Pattern Recognition Toolkit (ADAPT)3 and 
COmprehensive DEscriptors for Structural and Statistical Analysis (CODESSA)2‡‡.  
Using QSAR, Campanell4 modeled the aqueous solubility of haloalkanes using 
topological and physical descriptors, and Hu and Wang5 used a zeroth- and first-order 
molecular connectivity index.   
Measures of size have also been used to study the aqueous solubility of the 
halogenated hydrocarbons.  Buchwald and Bodor6 found that their molecular size-based 
model did not work well for organic liquids, including the halogenated hydrocarbons.  
                                                 
‡‡ Reference 16 in reference 2. 
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Surface area7 and measures of volume2,6 were successful descriptors in previous studies 
by other authors. 
As a class, halogenated hydrocarbons have many practical applications.  
Chlorofluorocarbons (CFCs), or freons, have been used extensively as refrigerants and  
blowing agents, as in aerosol sprays.8  Despite their utility, the CFCs present 
environmental problems.  In the 1920s, a series of fatalities8 led researchers to begin 
seeking alternatives to the freons.  In 1974 Rowland and Molina published a study 
indicating that the CFCs were a major source of chlorine in the atmosphere, and caused 
depletion of the ozone shield.8-9  This, and other findings, led to the passage of the 
Montreal Protocol in 1987 to reduce the production of CFCs.  Since then scientists have 
been researching safer halocarbons, such as hydrofluorocarbons (HFCs) and 
hydrochlorofluorocarbons (HCFCs).  The HFCs are especially important because they do 
not contain the problematic element chlorine. HCFCs, on the other hand, do contain this 
element and are thus being phased out. 
The other halogens include bromine and iodine.  Bromine in compounds is found 
in bodies of water and in minerals.10 It may be found in minerals containing chlorine and 
often replaces the latter element.  Bromine is used commercially in pesticides, such as 
1,2-dibromoethane and bromomethane.11 Iodomethane has also been used as a 
pesticide.12-13  Like chlorine and iodine, bromine compounds are used as disinfectants.14  
Chlorine is commonly used to disinfect swimming pools.  However, research at Stanford 
University appears to show that iodine is a viable alternative to chlorine use in swimming 
pools since it causes less eye irritation.15   
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The water solubilities of these halogenated hydrocarbons are important features of 
their environmental impacts.  It is hoped that the following water solvation correlations 






 Values of experimental descriptors were taken from a variety of sources (Table 
3.1).9-38  In some cases, lnx2 values were calculated from the Henry’s Law constants34; 
some values for δ were obtained from the literature28-29, and others were  
calculated.6,23,25,30,33,35-38     
 
Table 3.1 Experimental Descriptors Used in This Study. 
 
Physical Descriptor Symbol Units References 
natural logarithm of the aqueous molar solubility lnx2 
 9-18,21-25, 
27,31,32,34






molecular mass MM amu 16 
boiling point Tb K 16 
critical temperature Tc K 16,17,26 
critical pressure Pc bar 16,17,31,37
critical volume Vc cm
3.mol-1 16,17 
dipole moment DM Debye 16,18-20 
 
 The topological descriptors employed in this study are listed in Table 3.2.   
 
POL was calculated using the additive method of Bosque and Sales39, and QH was 
calculated using the additive method of Di Paolo et al.40  For the last eight descriptors in 
Table 3.2, the suffixes A and B refer to the alpha halogenated carbon and the adjacent 
beta carbon, respectively, while X refers to the halogen.  NCX1, NCX2, and NCX3 are 
counts of the halogenated carbon atoms with one, two, and three halogens, respectively.   
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Table 3.2 Topological Descriptors Used in This Study. 
 
Topological Descriptors Symbol 
molecular mass (amu) MM 
calculated polarizability (Å)3 POL 
total electrons E 
polar hydrogen parameter QH 
valence electrons EV 
lone pairs LP 
no. carbons  NC 
no. halogens NH 
no. fluorine NF 
no. chlorine NCl 
no. bromine NB 
no. iodine NI 
no. CH3 NCH3 
no. CH2 NCH2 
halogenated hydrocarbon with one halogen NCX1 
halogenated hydrocarbon with two halogens NCX2 
halogenated hydrocarbon with three halogens NCX3 
no. H on C attached to F NHFA 
no. H on C attached to Cl NHClA 
no. H on C attached to Br NHBrA 
no. H on C attached to I NHIA 
no. H on C adjacent to fluorinated C NHFB 
no. H on C adjacent to chlorinated C  NHClB 
no. H on C adjacent to brominated C NHBrB 
no. H on C adjacent to iodized C NHIB 
 
A genetic algorithm was used to select the best regression sets for lnx2 with the 
experimental descriptors: δ, MM, Tb, Tc, Pc, Vc, and DM, and against the structure-based 
descriptors: POL, MM, E, EV, LP, and DM.  lnx2 was also regressed against the 
remaining topological descriptors in Table 3.2.  Statistical analyses of the resulting 
regressions were performed using QSARIS41, Statmost42, SigmaPlot43, SAS44 and 
Microsoft Excel45. The data used in this study (Table A3.1) and plots of relevant 
regressions (Graphs 1-5, Tables A3.2-A3.6) are found at the end of this chapter. lnx2exp 
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The genetic algorithms generated using QSARIS included three- to seven-
descriptor regressions.  In total, there are seventy-one solute molecules.  However, if a 
value was not available for a descriptor, that molecule was excluded from the regression.  
































Table 3.3 Molecules Not Used for Eqns. 1-4* 
 

































 *Vc and Pc were not available for these halogenated hydrocarbons.  As a result, they 












Table 3.4 Molecules Not Used in Eqn.5* 
 






























*Tc was not available for these halogenated hydrocarbons.  As a result, they could not be 






For the experimental descriptor regressions, five were deemed satisfactory based 
on a t-value ≥ |4| (Eqns.1-5).  MM and Tb were coupled to Vc or Pc (Eqns. 1 and 2), and 
MM and Tc regressed well with Pc or Vc (Eqns. 3 and 4).   
lnx2 = −15.07 ( ± 0.64 ) − 0.01801 ( ± 0.00205 ) MM + 0.05085 ( ± 0.00248 ) Tb 
    − 0.02343 ( ± 0.00201 ) Vc       (1)  
R2 = 0.924  Q2 = 0.902 F = 142 s = 0.596 N = 39 
 
lnx2 = −20.71 ( ± 0.92 ) − 0.01944 ( ± 0.00251 ) MM + 0.03520 ( ± 0.00269 ) Tb 
    + 0.1045 ( ± 0.0118 ) Pc             (2) 
 R2 = 0.886 Q2 = 0.854 F = 91  s = 0.732 N = 39 
 
lnx2 = −20.39 ( ± 0.74 ) − 0.02166 ( ± 0.00216 ) MM + 0.02486 ( ± 0.00153 ) Tc  
    + 0.07810 ( ± 0.01011) Pc                           (3) 
  R2 = 0.921 Q2 = 0.899 F = 136 s = 0.609 N = 39 
 
lnx2 = −16.27 ( ± 0.79 ) − 0.02072 ( ± 0.00243 ) MM + 0.03054 ( ± 0.00172 ) Tc  
    − 0.01344 ( ± 0.00209 ) Vc         (4)
 R2 = 0.902 Q2 = 0.881 F = 108 s = 0.678 N = 39 
 
The solubility of the halogenated hydrocarbons could not be modeled using only a 
single descriptor in this dataset.  The only single descriptor with R2 > 0.500 was Tc  
(R2 = 0.506).  MM, Tb and Tc were good contributors in the satisfactory regressions.  
Using two descriptors, MM and Tb had an R2 = 0.338, but MM combined with Tc was the 
better descriptor model (Eqn. 5). 
lnx2 = -17.97 ( + 1.13 ) – 0.02247( + 0.00362 ) MM + 0.02721 ( + 0.00253 ) Tc (5) 
R2 = 0.751  Q2 = 0.716    F = 59  s = 1.05 N = 42 
 
We sought to use simple, structure-based descriptors to predict the solubility of 
the halogenated hydrocarbons in water.  In doing so, we looked at the number of 
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halogens, hydrogens, methyl, and methylene groups.  Table 3.5 contains the results of our 
analysis.  No acceptable regressions (R2 > 0.700) were attainable from the structure-based 
descriptors separately or combined.   
 Di Paolo et al.40 derived a formula for calculating the charges of the so-called 
“polar hydrogens”  (QH, the polar hydrogen factor) in their model for the solubilities of 
halocarbon anesthetics.  We regressed their QH with the methyl and methylene groups 
(Table 3.5 NCH3 and NCH2, respectively). 
Table 3.5 Regressions Based on Topological Descriptors. 
 
















Eqns.1-5 were determined to be good models.  R2, the coefficient of 
determination, is a measure of the strength of the regression in accounting for the 
variability in the data.§§  It is the square of, r, the linear correlation coefficient.  r 
measures how well an independent variable(s) predicts the value of the dependent 
variable.  F is the Fisher test and measures the contribution of the independent variables 
                                                 
§§ MathBits.com: http://mathbits.com/MathBits/TISection/Statistics2/correlation.htm 
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in predicting lnx2.  Mathematically, F is the ratio of the variation of the dependent 
variable mean to the variation of lnx2.  A large F indicates that the independent variables 
contribute to the prediction of lnx2, and a small F indicates the data is “randomly 
distributed”.43 Q2 specifies the effect that removing a data point would have on the 
regression.  The standard error of the estimate, s, is the root-mean-square difference 
between the predicted and the experimental values of lnx2. A good model is determined 
by Q2 and R2 that approach 1 as values of F and t increase.  The regressions of Eqns.1-4, 
especially, meet these criteria.  
Principal component analysis was carried out to determine the major contributors 
to variance in the regressions (Tables 3.6-3.9).  The results indicated that there were no 
clear contributors to variance in both the experimental and the topological descriptors.  
 
Table 3.6 Principal Component Analysis of the Experimental Descriptors 
 
Factor Eigenvalue  % Cumulative %
F1 2.94 41.97 41.97 
F2 1.58 22.54 64.50 
F3 1.17 16.72 81.22 
F4 0.8 11.36 92.58 
F5 0.38 5.38 97.96 
F6 0.13 1.87 99.82 














Table 3.7 Experimental Descriptors Principal Component Factor Loadings 
 
Descriptor F1 F2 F3 F4 F5 F6 F7 
MM 0.77 -0.05 0.21 0.38 -0.46 0 0.00 
Tb 0.94 -0.23 0.06 -0.12 0.18 -0.02 -0.08 
Tc 0.89 -0.36 0.11 -0.08 0.18 -0.15 0.07 
Pc -0.23 -0.86 0.33 0.21 0.10 0.21 0.01 
Vc 0.78 0.50 -0.23 -0.15 0.05 0.25 0.03 
DM 0.02 0.61 0.55 0.50 0.26 -0.01 0.00 





Table 3.8 Principal Component Analysis of the Topological Descriptors 
 
Factor Eigenvalue  % 
Cumulative 
% 
F1 6.06 23.32 23.32
F2 4.01 15.42 38.74
F3 3.42 13.17 51.91
F4 3.27 12.59 64.5
F5 2.12 8.14 72.63
F6 1.66 6.37 79.00
F7 1.19 4.58 83.58
F8 0.95 3.66 87.24
F9 0.76 2.92 90.16
F10 0.60 2.32 92.48
F11 0.54 2.09 94.58
F12 0.39 1.48 96.06
F13 0.3 1.17 97.23
F14 0.25 0.95 98.18
F!5 0.2 0.77 98.96
F16 0.12 0.47 99.43
F17 0.07 0.28 99.71
F18 0.03 0.13 99.84
F19 0.03 0.11 99.95











Table 3.9 Topological Descriptors Principal Component Factor Loadings 
 
Descriptor F1 F2 F3 F4 F5 F6 F7 
MM -0.41 -0.8 -0.04 -0.06 -0.32 -0.19 0.04 
POL 0.20 -0.38 0.84 0.00 -0.09 0.03 0.07 
E -0.37 -0.82 0.08 -0.11 -0.31 -0.20 0.03 
EV -0.09 -0.23 0.63 -0.53 -0.08 -0.41 -0.13 
LP -0.89 -0.10 0.27 -0.24 0.14 -0.03 -0.07 
NC 0.78 -0.15 0.44 -0.29 0.01 -0.25 0.04 
NH 0.93 -0.09 0.24 -0.14 -0.03 -0.20 0.06 
NX -0.91 -0.08 0.29 -0.24 0.10 -0.01 -0.08 
NF -0.53 0.10 0.08 -0.34 0.57 -0.23 -0.08 
NCl -0.52 0.38 0.44 -0.28 -0.25 0.21 -0.11 
NBr -0.11 -0.66 0.10 0.58 0.08 0.10 0.14 
NI -0.02 -0.30 -0.68 -0.30 -0.41 -0.30 -0.04 
NCH3 0.73 0.17 0.06 -0.22 0.08 0.08 -0.07 
NCH2 0.66 -0.31 0.34 -0.28 0.01 -0.28 0.17 
NCX1 0.83 -0.12 -0.18 -0.29 0.21 0.25 0.09 
NCX2 -0.05 0.29 -0.02 0.58 -0.17 -0.44 -0.50 
NCX3 -0.34 -0.01 -0.04 0.09 -0.36 0.14 0.73 
QH 0.10 0.18 0.07 0.70 -0.46 -0.34 0.05 
NHFA -0.06 0.35 -0.15 0.18 0.31 -0.57 0.23 
NHClA 0.00 0.61 0.28 0.18 -0.48 -0.03 0.08 
NHBrA 0.19 -0.52 0.08 0.69 0.26 0.06 -0.10 
NHIA 0.13 -0.22 -0.73 -0.35 -0.25 -0.16 -0.12 
NHFB -0.18 0.36 -0.15 0.08 0.46 -0.52 0.39 
NHClB 0.26 0.58 0.33 -0.04 -0.40 -0.02 -0.08 
NHBrB 0.25 -0.47 0.12 0.55 0.24 0.01 -0.16 
NHIB 0.21 -0.14 -0.53 -0.34 -0.08 -0.02 -0.12 
 
A Pearson correlation analysis of the experimental descriptors was used to assess 
the relationship between the descriptors (Table 3.10).  A Pearson correlation above 0.70 













Table 3.10 Pearson Correlation Matrix of the Physical Descriptors 
 
Pearson Correlation Table  
         ======================================================== 
 
          |    MM    |    Tb     |    Tc    |    Pc     |    Vc    |    DM    |    δ     | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    MM    |          |    0.6867|    0.6869|    0.0311|    0.4526|    0.0456|    0.1637| 
          |          | (   71)  | (   42)  | (   39)  | (   39)  | (   59)  | (   62)  | 
          |          |3.815E-011|5.091E-007|    0.8511|    0.0038|    0.7319|    0.2037| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tb    |    0.6867|          |    0.9699|    0.0827|    0.6156|   -0.1144|    0.2656| 
          | (   71)  |          | (   42)  | (   39)  | (   39)  | (   59)  | (   62)  | 
          |3.815E-011|          |3.811E-026|    0.6169|3.036E-005|    0.3883|    0.0369| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tc    |    0.6869|    0.9699|          |    0.1986|    0.4735|   -0.1419|    0.0667| 
          | (   42)  | (   42)  |          | (   39)  | (   39)  | (   41)  | (   40)  | 
          |5.091E-007|3.811E-026|          |    0.2256|    0.0023|    0.3761|    0.6826| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Pc    |    0.0311|    0.0827|    0.1986|          |   -0.6136|   -0.2214|   -0.0250| 
          | (   39)  | (   39)  | (   39)  |          | (   39)  | (   38)  | (   38)  | 
          |    0.8511|    0.6169|    0.2256|          |3.269E-005|    0.1815|    0.8817| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Vc    |    0.4526|    0.6156|    0.4735|   -0.6136|          |    0.1187|    0.0951| 
          | (   39)  | (   39)  | (   39)  | (   39)  |          | (   38)  | (   38)  | 
          |    0.0038|3.036E-005|    0.0023|3.269E-005|          |    0.4777|    0.5699| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    DM    |    0.0456|   -0.1144|   -0.1419|   -0.2214|    0.1187|          |   -0.2210| 
          | (   59)  | (   59)  | (   41)  | (   38)  | (   38)  |          | (   53)  | 
          |    0.7319|    0.3883|    0.3761|    0.1815|    0.4777|          |    0.1117| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    δ     |    0.1637|    0.2656|    0.0667|   -0.0250|    0.0951|   -0.2210|          | 
          | (   62)  | (   62)  | (   40)  | (   38)  | (   38)  | (   53)  |          | 
          |    0.2037|    0.0369|    0.6826|    0.8817|    0.5699|    0.1117|          | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
 
   Note:  the values in the table are listed as follows: 
                  |  correlation value  | 
                  |    (sample size)    | 





A variety of experimental descriptors were examined using the genetic algorithm 
in QSARIS as a starting point.  The t-value is a measure of the significance of a particular 
descriptor in a regression.  A t-value < |4| for a coefficient was regarded as that descriptor 
being of poor significance; a t-value > |4| indicated that the descriptor was of significance 
in a regression.  The greater the t-value, the more significant that descriptor.  In observing 
the t-values in the regressions; the descriptors MM, Tb, and Tc were found to be the most 
common significant contributors in the regressions.    Therefore, these descriptors were 
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regressed as pairs. Of these pairs, only MM and Tc yielded an acceptable regression with 
R2 = 0.751 (Eqn.5).  Eqns. 1-4 using MM, Tb, and Tc were especially good models with 
R2 ≥ 0.85 in all cases. 
The topological descriptors used were not effective in modeling the aqueous 
solubilities of the halogenated hydrocarbons (Table 3.5).  Although MM and Tb regressed 
well when combined with one of the critical point descriptors (Pc and Vc, Eqns. 1-2), they 
did not regress well as a pair (MM and Tb: R2 = 0.011) or as single descriptors  
(MM: R2 = 0.011, Tb: R2 = 0.005).  
The critical point is the temperature above which there is only one fluid phase.  
The temperature, pressure, and molar volume at the critical point are the critical 
temperature, critical pressure, and critical volume, respectively.  Vc is an inverse measure 
of density.  When a molecule is placed in an electric field, POL measures the 
distortability of its electron cloud.  An additive method39 was used to calculate the 
polarizability of each halogenated hydrocarbon. POL was not identified as a significant 
descriptor in the regressions.  However, MM can be determined by an additive method, 
and it was found to be significant in the regressions (Eqns.1-5). 
The Pearson correlation showed that the experimental descriptors, with the 
exceptions of Tb and Tc, operate fairly independently of one another (Table 3.10).  
Principal component analysis gives the number of factors or dimensions needed to predict 
lnx2.  The first five dimensions enable lnx2 to be predicted within 98% accuracy  
(Table 3.6).  
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A residual greater than two standard deviations was set as an indicator of an 
outlier in order to ensure a 95.5% confidence limit.  The halogenated hydrocarbons listed 
in Table 3.11 were identified as outliers using these criteria. As indicated by R2*, the 
regressions improved with the exclusion of outliers.  (The standard deviations of each 
regression and other regression statistics are included with the plots in Appendix Tables 
A3.2 to A3.6).  The standard deviation is also known as the root mean square error (root 
MSE).  2-chloro-2-methylbutane and 1,1-difluoroethane were outliers in four of the five 
regressions (Table 3.11).  A second measurement was not found for either of these 
halogenated hydrocarbons.  As evidenced by the high correlation value between Tb and 
Tc (Table 3.10), these two descriptors (Tb and Tc) measure the same type of 
intermolecular forces. Therefore, it is not surprising that they contain the same outliers.  













Table 3.11 Outliers in Regressions 1-5 
Eqn. Descriptor  Outlier lnx2Exp lnx2Calc Residual 
1 MM, Tb, Vc  2-chloro-2-methylbutane -5.1847 -7.0296 1.8449 
1 MM, Tb, Vc  1,1,2,2-tetrachloroethane -3.2558 -1.8686 -1.3872 
2 MM, Tb, Pc  2-chloro-2-methylbutane -5.1847 -6.5980 1.4133 
2 MM, Tb, Pc  1,1-difluoroethane -6.9797 -8.5033 1.5236 
3  MM, Tc, Pc 2-chloro-2-methylbutane -5.1847 -6.3934 1.2087 
3  MM, Tc, Pc 1,2,3-trichloropropane -2.8984 -4.3129 1.4146 
3  MM, Tc, Pc 1,1-difluoroethane -6.9797 -8.6851 1.7054 
4  MM, Tc, Vc 2-chloro-2-methylbutane -5.1847 -6.4684 1.2837 
4 MM, Tc, Vc  1,2-dibromoethane -3.6535 -5.8828 2.2293 
4 MM, Tc, Vc  1,1-difluoroethane -6.9797 -8.2751 1.2954 
5 MM, Tc  1,2-dibromoethane -3.6535 -6.3289 2.6754 
5 MM, Tc  1,1-difluoroethane -6.9797 -8.9388 1.9592 
      
Eqn. Descriptor  Outlier Std. Dev. R2 R2* 
1 MM, Tb, Vc  2-chloro-2-methylbutane 0.596 0.924 0.962 
1 MM, Tb, Vc  1,1,2,2-tetrachloroethane 0.596 0.924 0.962 
2 MM, Tb, Pc  2-chloro-2-methylbutane 0.732 0.886 0.915 
2 MM, Tb, Pc  1,1-difluoroethane 0.732 0.886 0.915 
3  MM, Tc, Pc 2-chloro-2-methylbutane 0.609 0.921 0.963 
3  MM, Tc, Pc 1,2,3-trichloropropane 0.609 0.921 0.963 
3  MM, Tc, Pc 1,1-difluoroethane 0.609 0.921 0.963 
4  MM, Tc, Vc 2-chloro-2-methylbutane 0.678 0.902 0.955 
4 MM, Tc, Vc  1,2-dibromoethane 0.678 0.902 0.955 
4 MM, Tc, Vc  1,1-difluoroethane 0.678 0.902 0.955 
5 MM, Tc  1,2-dibromoethane 1.05 0.751 0.813 
5 MM, Tc  1,1-difluoroethane 1.05 0.751 0.813 
* Equation excluding outliers. 
 
The regressions for equations 1-5 improved when the outliers were removed, as expected: 
 
lnx2 = -15.08 ( ± 0.46 ) – 0.0171 ( ± 0.0015 ) MM+ 0.0536 ( ± 0.0019 ) Tb  
           - 0.0275 ( ± 0.0016 ) Vc       (6) 
R2 = 0.962 Q2 = 0.952  F = 279 s = 0.422 N = 37 
 
lnx2 = -21.42 ( ± 0.84 ) –0.0186 ( ± 0.0022 ) MM + 0.0359 ( ±  0.0025 ) Tb  
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           + 0.1098 ( ± 0.0107 ) Pc       (7) 
R2 = 0.915 Q2 = 0.891 F = 118  s = 0.647 N = 37 
 
lnx2 = -20.91 ( ± 0.53 ) – 0.0199 ( ± 0.0015 ) MM + 0.0243 ( ± 0.0011 ) Tc  
           + 0.0873 ( ± 0.0073 ) Pc       (8) 
R2 = 0.963 Q2 = 0.949 F = 280  s = 0.418 N = 36 
 
lnx2 = -16.82 ( ± 0.58 ) – 0.0211 ( ± 0.0017 ) MM + 0.0312 ( ± 0.0012 ) Tc  
           – 0.0131 ( ± 0.0015 ) Vc       (9) 
R2 = 0.955 Q2 = 0.914 F = 144  s = 0.468 N = 36  
 
lnx2 = -18.75 ( ± 1.03 ) – 0.0236 ( ± 0.0032 ) MM + 0.0287 ( ± 0.0023 ) Tc  (10) 
R2 = 0.813 Q2 = 0.787 F = 80   s = 0.916 N = 40 
 
Previously, scientists have used computer programs1-5 and thermodynamics6-7 to 
model halogenated hydrocarbon solubility in water.  Volume2,6 and the surface area of the 
cavity formed when dissolving a fluorocarbon7 have been identified as pertinent 
descriptors in this process.  The total surface area of the halogenated hydrocarbons, as 
obtained from Horvath16, was a poor descriptor in this study.  A major drawback was the 
lack of measurements available for the halogenated hydrocarbons.  For example, surface 
area was obtained for twenty-four of the seventy-one molecules.  As more measurements 
are made, it is hoped that better regressions and descriptors can be obtained.  
 
3.6 Conclusion 
The aqueous solubility of halogenated hydrocarbons was well-modeled by the 
molecular mass (MM), normal boiling point (Tb), and a critical point descriptor (Vc or 
Pc). Eqns.1 and 2 are the best regressions in our study; MM, Tb, and Vc or Pc, are the only 
descriptors needed. The simplest model was MM and Tc (Eqn.5).  However, this 
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regression does not predict the natural logarithm of the aqueous mole fraction solubility 
(lnx2) as well as the three-descriptor regressions.   MM is a measure of the mass of a 
molecule.  Tb, Vc, and Pc are measures of the strength of the intermolecular forces that 
hold the molecules together.  Together ( MM, Tb, Pc and MM, Tb, Vc ) these four 
properties were significant physical descriptors in the regressions.  The topological 
descriptors were not useful in this study.  Other topological descriptors may yield better 
results.  This study supports the use of experimental descriptors in the study of the 





3.7.1 Guide to the Appendix 
1. Table A3.1 Descriptors Used in this Study as Arranged by Decreasing lnx2 
2. Graph 3.1. lnx2exp vs lnx2calc (Eqn.1 MM, Tb, & Vc) 
3. Table A3.2 Regression statistics for MM, Tb, & Vc: Graph 1, Eqn.1 
4. Graph 3.2. lnx2exp vs lnx2calc (Eqn.2 MM, Tb, & Pc) 
5. Table A3.3 Regression statistics for MM, Tb, & Pc: Graph 2, Eqn.2 
6. Graph 3.3. lnx2exp vs lnx2calc (Eqn.3 MM, Tc, & Pc) 
7. Table A3.4 Regression statistics for MM, Tc, & Pc: Graph 3, Eqn.3 
8. Graph 3.4. lnx2exp vs lnx2calc (Eqn.3 MM, Tc, & Vc) 
9. Table A3.5 Regression statistics for MM, Tc, & Vc: Graph 4, Eqn.4 
10. Graph 3.5. lnx2exp vs lnx2calc (Eqn.3 MM & Tc) 




Table A3.1 Descriptors Used in this Study as Arranged by Decreasing lnx2.  
 
Chem. Form. Molecule lnx2 MM Tb Tc  Pc Vc
C8H17Br 1-bromooctane -15.6734 193.13 473.95       
C7H15I 1-iodoheptane -15.0885 226.1 477.15       
C7H15Br 1-bromoheptane -14.213 179.1 452.05       
C7H15Cl 1-chloroheptane -13.2167 134.65 433.55       
C6H13Br 1-bromohexane -12.7788 165.07 428.45       
C2ClF5 chloropentafluoroethane -11.9806 154.47 234.08 353.1 31.3 256
C2Cl2F4 1,1-dichlorotetrafluoroethane -11.4489 170.92 276.59 418.7 32.1 294
CBr4 tetrabromomethane -11.2485 331.63 462.65       
C2Cl2F4 1,2-dichlorotetrafluoroethane -11.1136 170.92 276.58 418.9 32.4 294
C3H5Br2Cl 1,2-dibromo-3-chloropropane -10.293 236.33 469.15       
C2Cl3F3 1,1,2-trichlorotrifluoroethane -10.2281 187.38 320.74 487.4 33.8 325
C5H10Cl2 2,3-dichloro-2-methylbutane -10.2182 141.04 402.15       
C4H8Cl2 2,3-dichlorobutane -9.8443 127.01 392.15       
C2Cl4F2 1,1,2,2-tetrachlorodifluoroethane -8.6187 203.83 365.95       
C2H3F2Cl 1-chloro-1,1-difluoroethane -8.2822 100.5 264.05       
C3BrClH6 1-bromo-3-chloropropane -8.2703 157.44 416.45       
C2HF3ClBr 2-bromo-2-chloro-1,1,1-trifluoroethane -8.0342 197.38 323.35       
C5H11Br 1-bromo-3-methylbutane -7.554 151.05 393.55       
C5H11Cl 2-chloropentane -7.3377 106.59 370.15       
C2H2F3Cl 2-choro-1,1,1-trifluoroethane -7.3103 118.49 279.25       
C5H11Cl 3-chloropentane -7.2837 106.59 370.65       
C6H13Cl 1-chlorohexane -7.2077 120.62 408.25       
C4H7Br 1-bromo-2-methylpropane -7.1601 137.02 364.25       
C5H11Cl 1-chloropentane -7.1371 106.6 381.54 552 33.2 365
C4H9Cl 2-chlorobutane -7.0605 92.57 341.24 520.6 36.8 312
C2H4BrCl 1-bromo-2-chloroethane -7.0598 143.41 380.15 605.5     
C5H11Br 1-bromopentane -6.9894 151.05 402.95 564.8 37.7 378
C2H4F2 1,1-difluoroethane -6.9797 66.05 249.1 386.4 45.2 181
C4H9Cl 1-chlorobutane -6.8494 92.57 351.55 542 36.8 312
C2H3Cl3 1,1,1-trichloroethane -6.837 133.4 347.24       
C4H9I 1-iodobutane -6.7781 184.02 403.65       
C3H7Cl 2-chloropropane -6.7392 78.54 308.85 494.1 47.2 230
C2H2Br4 1,1,2,2-tetrabromoethane -6.7377 345.65 516.65       
C4H9Br 1-bromobutane -6.5085 137.02 374.75 569.5 42.6 322
C3H7Cl 1-chloropropane -6.394 78.54 319.67 503.1 45.8 254
C3H7Br 2-bromopropane -6.3569 122.99 332.65 522.5 49 260
CCl4 tetrachloromethane -6.3554 153.82 349.79 556.3 45.6 276
C4H9Cl 1-chloro-2-methylpropane -6.3222 92.57 341.65 526.5 37.6 303
C3H7I 2-iodopropane -6.3211 169.99 362.65 574.6 43.3 286
C2H5Cl chloroethane -6.2253 64.51 285.42 460.3 53 199
C3H7I 1-iodopropane -6.1763 169.99 375.65 589.4 42.8 292
CBrClH2 bromochloromethane -6.1743 129.38 341.15 557     
C3H7Br 1-bromopropane -6.0929 122.99 344.25 535.5 48.4 266
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Table A3.1 Descriptors Used in this Study as Arranged by Decreasing lnx2. (continued) 
 
Chem. Form. Molecule lnx2 MM Tb Tc  Pc Vc
C4H8Cl2 1,1-dichlorobutane -6.0537 127.01 386.95       
C2H5Br bromoethane -6.0537 108.97 311.5 503.8 62.3 215
CH3Br bromomethane -5.8671 94.94 276.65 464 66.1 154
C2H5I iodoethane -5.8461 155.97 345.45 554 47 236
C2H4Cl2 1,1-dichloroethane -5.768 98.96 330.45 523 51 236
      CH3I iodomethane -5.7283 141.94 315.58 528 64.4 180
C2Cl6 hexachloroethane -5.7283 236.74 457.85 704.4 39.4 420
CHCl3 trichloromethane -5.3606 119.38 334.33 536.5 55 240
C2H4ClF 1-chloro-2-fluoroethane -5.2169 82.5 325.95       
C5H11Cl 2-chloro-2-methylbutane -5.1847 106.59 358.75 549 34 354
C3H6Br2 1,2-dibromopropane -5.1499 201.89 415.05 634.1 54.1 322
CHI3 triiodomethane -5.0923 393.73 491.15 794.6 53.1 350
C3H6Cl2 1,2-dichloropropane -5.0633 112.19 369.43 578 46.5 288
CH2Cl2 dichloromethane -5.052 84.93 312.79 510 61 190
C2H2Cl4 1,1,1,2-tetrachloroethane -4.9899 167.85 403.35       
C2HCl5 pentachloroethane -4.9174 202.29 435.15 646 45.8 376
CHBrCl2 bromodichloromethane -4.8482 163.83 363.15       
C2H4Cl2 1,2-dichloroethane -4.1741 98.96 356.66 561 54 220
C3H6Cl2 1,3-dichloropropane -4.0135 112.99 394.05 602.7 40.1 302
CHClBr2 chlorodibromomethane -3.9912 208.28 393.15       
CH2Br2 dibromomethane -3.9182 173.84 370.15       
C3H6Br2 1,3-dibromopropane -3.9182 201.89 440.45       
C2H3Cl3 1,1,2-trichloroethane -3.8638 133.4 386.95 606 51.4 289
C2H4Br2 1,2-dibromoethane -3.6535 187.86 404.5 582.9 71.5 262
CHBr3 tribromomethane -3.3457 252.73 422.25 696     
C2H2Cl4 1,1,2,2-tetrachloroethane -3.2558 167.85 418.35 661.2 51.2 216
CH2I2 diiodomethane -3.0774 267.84 455.15 740.9 54.2 268


















Table A3.1 Descriptors Used in this Study as Ordered by Decreasing lnx2. (continued) 
 
Chem. Form. Molecule lnx2 DM δ  POL E EV LP NC NH
C8H17Br 1-bromooctane -15.6734 1.98 23.5 18.26 100 56 6 8 17
C7H15I 1-iodoheptane -15.0885 2.12 22.8 13.12 110 50 6 7 15
C7H15Br 1-bromoheptane -14.213 2.16 24.8 16.41 92 50 6 7 15
C7H15Cl 1-chloroheptane -13.2167 1.93 23.2 15.28 74 50 6 7 15
C6H13Br 1-bromohexane -12.7788 1.99 23.5 14.56 84 44 6 6 13
C2ClF5 chloropentafluoroethane -11.9806 0.3 20.4 6.28 74 50 36 2 0 
C2Cl2F4 1,1-dichlorotetrafluoroethane -11.4489   19.9 8.22 91 50 36 2 0 
CBr4 tetrabromomethane -11.2485 0 25.2 14.67 146 32 24 1 0 
C2Cl2F4 1,2-dichlorotetrafluoroethane -11.1136 0.5 20.8 8.22 82 50 36 2 0 
C3H5Br2Cl 1,2-dibromo-3-chloropropane -10.293     14.12 110 38 18 3 5 
C2Cl3F3 1,1,2-trichlorotrifluoroethane -10.2281 119.78 14.9 10.16 90 50 36 2 0 
C5H10Cl2 2,3-dichloro-2-methylbutane -10.2182     12.06 74 44 12 5 10
C4H8Cl2 2,3-dichlorobutane -9.8443   23.9 11.72 66 50 12 4 8 
C2Cl4F2 1,1,2,2-tetrachlorodifluoroethane -8.6187   16 12.1 98 50 36 2 0 
C2H3F2Cl 1-chloro-1,1-difluoroethane -8.2822 2.1   6.13 50 32 18 2 3 
C3BrClH6 1-bromo-3-chloropropane -8.2703   25.5 11 76 32 12 3 6 
C2HF3ClBr 2-bromo-2-chloro-1,1,1-trifluoroethane -8.0342   22.2 9.3 92 44 30 2 1 
C5H11Br 1-bromo-3-methylbutane -7.554 1.95 22.9 12.71 76 38 6 5 11
C5H11Cl 2-chloropentane -7.3377   22.9 11.58 58 38 6 5 11
C2H2F3Cl 2-choro-1,1,1-trifluoroethane -7.3103 1.65   6.18 58 38 24 2 2 
C5H11Cl 3-chloropentane -7.2837   23 11.58 58 38 6 5 11
C6H13Cl 1-chlorohexane -7.2077 1.94 23.3 13.43 66 44 6 6 13
C4H7Br 1-bromo-2-methylpropane -7.1601   23.4 10.86 68 32 6 4 7 
C5H11Cl 1-chloropentane -7.1371 2.2 17 11.58 58 38 6 5 11
C4H9Cl 2-chlorobutane -7.0605 2.1 16.6 9.73 50 32 6 4 9 
C2H4BrCl 1-bromo-2-chloroethane -7.0598 1.2 25.6 9.15 68 26 12 2 4 
C5H11Br 1-bromopentane -6.9894 2.2 15.5 12.71 76 38 6 5 11
C2H4F2 1,1-difluoroethane -6.9797 2.3 24 4.14 34 26 12 2 4 
C4H9Cl 1-chlorobutane -6.8494 2.05 17.2 9.73 50 32 6 4 9 
C2H3Cl3 1,1,1-trichloroethane -6.837 1.76 17.4 10.01 66 32 18 2 3 
C4H9I 1-iodobutane -6.7781 1.93 17.6 7.57 86 32 6 4 9 
C3H7Cl 2-chloropropane -6.7392 2.17 22.8 7.88 42 26 6 3 7 
C2H2Br4 1,1,2,2-tetrabromoethane -6.7377 1.38 21.1 16.52 154 38 24 2 2 
C4H9Br 1-bromobutane -6.5085 2.08 17.8 10.86 68 32 6 4 9 
C3H7Cl 1-chloropropane -6.394 2 17.4 7.88 42 26 6 3 7 
C3H7Br 2-bromopropane -6.3569 2.21 23.3 9.01 60 26 6 3 7 
CCl4 tetrachloromethane -6.3554 0 17.6 10.15 74 32 24 1 0 
C4H9Cl 1-chloro-2-methylpropane -6.3222 2 22.9 9.73 50 32 6 4 9 
C3H7I 2-iodopropane -6.3211 1.95 24.2 5.72 78 26 6 3 7 
C2H5Cl chloroethane -6.2253 2 18.8 6.03 34 20 6 2 5 
C3H7I 1-iodopropane -6.1763 2.04 24.3 5.72 78 26 6 3 7 
CBrClH2 bromochloromethane -6.1743 1.66   7.3 60 20 12 1 2 
C3H7Br 1-bromopropane -6.0929 2.18 18.2 9.01 60 26 6 3 7 
C4H8Cl2 1,1-dichlorobutane -6.0537   23.7 11.72 66 50 12 4 8 
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Table A3.1 Descriptors Used in this Study as Ordered by Decreasing lnx2. (continued) 
 
Chem. Form. Molecule lnx2 DM δ  POL E EV LP NC NH 
C2H5Br bromoethane -6.0537 2 19.6 7.16 52 20 6 2 5 
CH3Br bromomethane -5.8671 1.82 19.6 5.31 44 14 6 1 3 
C2H5I iodoethane -5.8461 1.98 19.2 3.87 70 20 6 2 5 
C2H4Cl2 1,1-dichloroethane -5.768 2 9.1 8.02 50 38 12 2 4 
CH3I iodomethane -5.7283 1.64 20.9 2.02 62 14 6 1 3 
C2Cl6 hexachloroethane -5.7283 0 25.9 15.98 114 50 36 2 0 
CHCl3 trichloromethane -5.3606 1.1 19 8.16 58 26 18 1 1 
C2H4ClF 1-chloro-2-fluoroethane -5.2169 2.07   6.08 42 26 12 2 4 
C5H11Cl 2-chloro-2-methylbutane -5.1847 2.16 22.7 11.58 58 38 6 5 11 
C3H6Br2 1,2-dibromopropane -5.1499 1.2 25.7 12.13 94 32 12 3 6 
CHI3 triiodomethane -5.0923 0.91   1.68 166 44 18 1 1 
C3H6Cl2 1,2-dichloropropane -5.0633 1.85 18.4 9.87 58 32 12 3 6 
CH2Cl2 dichloromethane -5.052 1.8 19.8 6.17 42 20 12 1 2 
C2H2Cl4 1,1,1,2-tetrachloroethane -4.9899 1.29 19 12 82 38 12 2 2 
C2HCl5 pentachloroethane -4.9174 0.92 19.2 13.99 98 42 28 2 1 
CHBrCl2 bromodichloromethane -4.8482 1.31   9.29 76 26 18 1 1 
C2H4Cl2 1,2-dichloroethane -4.1741 1.8 18.2 8.02 50 38 12 2 4 
C3H6Cl2 1,3-dichloropropane -4.0135 2.08 19.3 9.87 58 32 12 3 6 
CHClBr2 chlorodibromomethane -3.9912     10.42 94 26 18 1 1 
CH2Br2 dibromomethane -3.9182 1.43 26.4 8.43 78 20 12 1 2 
C3H6Br2 1,3-dibromopropane -3.9182 2.04 26.5 12.13 94 32 12 3 6 
C2H3Cl3 1,1,2-trichloroethane -3.8638 1.4 19.6 10.01 66 32 18 2 3 
C2H4Br2 1,2-dibromoethane -3.6535 1 21.3 10.28 86 26 12 2 4 
CHBr3 tribromomethane -3.3457 0.99 21.5 11.55 112 26 18 1 1 
C2H2Cl4 1,1,2,2-tetrachloroethane -3.2558 1.32 19.8 12 82 38 12 2 2 
CH2I2 diiodomethane -3.0774 1.08 11.8 1.85 114 40 12 1 2 



















Table A3.1 Descriptors Used in this study as Ordered by Decreasing lnx2. (continued) 
 
Chem. Form. Molecule lnx2 NX NF NCl NBr NI NCH3 NCH2 NCX1 NCX2 NCX3
C8H17Br 1-bromooctane -15.6734 1 0 0 1 0 1 6 1 0 0 
C7H15I 1-iodoheptane -15.0885 1 0 0 0 1 1 5 1 0 0 
C7H15Br 1-bromoheptane -14.213 1 0 0 1 0 1 5 1 0 0 
C7H15Cl 1-chloroheptane -13.2167 1 0 1 0 0 1 5 1 0 0 
C6H13Br 1-bromohexane -12.7788 1 0 0 1 0 1 4 1 0 0 
C2ClF5 chloropentafluoroethane -11.9806 6 5 1 0 0 0 0 0 0 0 
C2Cl2F4 1,1-dichlorotetrafluoroethane -11.4489 6 4 2 0 0 0 0 0 0 0 
CBr4 tetrabromomethane -11.2485 4 0 0 4 0 0 0 0 0 0 
C2Cl2F4 1,2-dichlorotetrafluoroethane -11.1136 6 4 2 0 0 0 0 0 0 0 
C3H5Br2Cl 1,2-dibromo-3-chloropropane -10.293 3 0 1 2 0 0 0 0 0 1 
C2Cl3F3 1,1,2-trichlorotrifluoroethane -10.2281 6 3 3 0 0 0 0 0 0 0 
C5H10Cl2 2,3-dichloro-2-methylbutane -10.2182 2 0 2 0 0 3 0 0 1 0 
C4H8Cl2 2,3-dichlorobutane -9.8443 2 0 2 0 0 2 0 0 1 0 
C2Cl4F2 1,1,2,2-tetrachlorodifluoroethane -8.6187 6 2 4 0 0 0 0 0 0 0 
C2H3F2Cl 1-chloro-1,1-difluoroethane -8.2822 3 2 1 0 0 1 0 0 0 1 
C3BrClH6 1-bromo-3-chloropropane -8.2703 2 0 1 1 0 0 1 0 1 0 
C2HF3ClBr 2-bromo-2-chloro-1,1,1-trifluoroethane -8.0342 5 3 1 1 0 0 0 0 0 0 
C5H11Br 1-bromo-3-methylbutane -7.554 1 0 0 1 0 2 1 1 0 0 
C5H11Cl 2-chloropentane -7.3377 1 0 1 0 0 2 2 1 0 0 
C2H2F3Cl 2-choro-1,1,1-trifluoroethane -7.3103 4 3 1 0 0 0 0 0 0 0 
C5H11Cl 3-chloropentane -7.2837 1 0 1 0 0 2 2 1 0 0 
C6H13Cl 1-chlorohexane -7.2077 1 0 1 0 0 1 4 1 0 0 
C4H7Br 1-bromo-2-methylpropane -7.1601 1 0 0 1 0 2 0 1 0 0 
C5H11Cl 1-chloropentane -7.1371 1 0 1 0 0 1 3 1 0 0 
C4H9Cl 2-chlorobutane -7.0605 1 0 1 0 0 2 1 1 0 0 
C2H4BrCl 1-bromo-2-chloroethane -7.0598 2 0 1 1 0 0 0 0 1 0 
C5H11Br 1-bromopentane -6.9894 1 0 0 1 0 1 3 1 0 0 
C2H4F2 1,1-difluoroethane -6.9797 2 2 0 0 0 1 0 0 1 0 
C4H9Cl 1-chlorobutane -6.8494 1 0 1 0 0 1 2 1 0 0 
C2H3Cl3 1,1,1-trichloroethane -6.837 3 0 3 0 0 1 0 0 0 1 
C4H9I 1-iodobutane -6.7781 1 0 0 0 1 1 2 1 0 0 
C3H7Cl 2-chloropropane -6.7392 1 0 1 0 0 2 0 1 0 0 
C2H2Br4 1,1,2,2-tetrabromoethane -6.7377 4 0 0 4 0 0 0 0 0 0 
C4H9Br 1-bromobutane -6.5085 1 0 0 1 0 1 2 1 0 0 
C3H7Cl 1-chloropropane -6.394 1 0 1 0 0 1 1 1 0 0 
C3H7Br 2-bromopropane -6.3569 1 0 0 1 0 2 0 1 0 0 
CCl4 tetrachloromethane -6.3554 4 0 4 0 0 0 0 0 0 0 
C4H9Cl 1-chloro-2-methylpropane -6.3222 1 0 1 0 0 2 0 1 0 0 
C3H7I 2-iodopropane -6.3211 1 0 0 0 1 2 0 1 0 0 
C2H5Cl chloroethane -6.2253 1 0 1 0 0 1 0 1 0 0 
C3H7I 1-iodopropane -6.1763 1 0 0 0 1 1 1 1 0 0 
CBrClH2 bromochloromethane -6.1743 2 0 1 1 0 0 0 0 1 0 
C3H7Br 1-bromopropane -6.0929 1 0 0 1 0 1 1 1 0 0 
C4H8Cl2 1,1-dichlorobutane -6.0537 2 0 2 0 0 1 2 0 1 0 
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Table A3.1 Descriptors Used in this Study as Ordered by Decreasing lnx2 . (continued) 
 
Chem. Form. Molecule lnx2 NX NF NCl NBr NI NCH3 NCH2 NCX1 NCX2 NCX3
C2H5Br bromoethane -6.0537 1 0 0 1 0 1 0 1 0 0 
CH3Br bromomethane -5.8671 1 0 0 1 0 0 0 1 0 0 
C2H5I iodoethane -5.8461 1 0 0 0 1 1 0 1 0 0 
C2H4Cl2 1,1-dichloroethane -5.768 2 0 2 0 0 1 0 0 1 0 
CH3I Iodomethane -5.7283 1 0 0 0 1 0 0 1 0 0 
C2Cl6 Hexachloroethane -5.7283 6 0 6 0 0 0 0 0 0 0 
CHCl3 Trichloromethane -5.3606 3 0 3 0 0 0 0 0 0 1 
C2H4ClF 1-chloro-2-fluoroethane -5.2169 2 1 1 0 0 0 0 0 1 0 
C5H11Cl 2-chloro-2-methylbutane -5.1847 1 0 1 0 0 3 1 1 0 0 
C3H6Br2 1,2-dibromopropane -5.1499 2 0 0 2 0 1 0 0 1 0 
CHI3 triiodomethane -5.0923 3 0 0 0 3 0 0 0 0 1 
C3H6Cl2 1,2-dichloropropane -5.0633 2 0 2 0 0 1 0 0 1 0 
CH2Cl2 dichloromethane -5.052 2 0 2 0 0 0 0 0 1 0 
C2H2Cl4 1,1,1,2-tetrachloroethane -4.9899 4 0 4 0 0 0 0 0 0 0 
C2HCl5 pentachloroethane -4.9174 5 0 5 0 0 0 0 0 0 0 
CHBrCl2 bromodichloromethane -4.8482 3 0 2 1 0 0 0 0 0 1 
C2H4Cl2 1,2-dichloroethane -4.1741 2 0 2 0 0 0 0 0 1 0 
C3H6Cl2 1,3-dichloropropane -4.0135 2 0 2 0 0 0 1 0 1 0 
CHClBr2 chlorodibromomethane -3.9912 3 0 1 2 0 0 0 0 0 1 
CH2Br2 dibromomethane -3.9182 2 0 0 2 0 0 0 0 1 0 
C3H6Br2 1,3-dibromopropane -3.9182 2 0 0 2 0 0 1 0 1 0 
C2H3Cl3 1,1,2-trichloroethane -3.8638 3 0 3 0 0 0 0 0 0 1 
C2H4Br2 1,2-dibromoethane -3.6535 2 0 0 2 0 0 0 0 1 0 
CHBr3 tribromomethane -3.3457 3 0 0 3 0 0 0 0 0 1 
C2H2Cl4 1,1,2,2-tetrachloroethane -3.2558 4 0 4 0 0 0 0 0 0 0 
CH2I2 diiodomethane -3.0774 2 0 0 0 2 0 0 0 1 0 
C3H5Cl3 1,2,3-trichloropropane -2.8984 3 0 3 0 0 0 0 0 0 1 
C2HF3ClBr 2-bromo-2-chloro-1,1,1-trifluoroethane -8.0342 5 3 1 1 0 0 0 0 0 0 
C5H11Br 1-bromo-3-methylbutane -7.554 1 0 0 1 0 2 1 1 0 0 
C5H11Cl 2-chloropentane -7.3377 1 0 1 0 0 2 2 1 0 0 
C2H2F3Cl 2-choro-1,1,1-trifluoroethane -7.3103 4 3 1 0 0 0 0 0 0 0 
C5H11Cl 3-chloropentane -7.2837 1 0 1 0 0 2 2 1 0 0 
C6H13Cl 1-chlorohexane -7.2077 1 0 1 0 0 1 4 1 0 0 
C4H7Br 1-bromo-2-methylpropane -7.1601 1 0 0 1 0 2 0 1 0 0 
C5H11Cl 1-chloropentane -7.1371 1 0 1 0 0 1 3 1 0 0 
C4H9Cl 2-chlorobutane -7.0605 1 0 1 0 0 2 1 1 0 0 
C2H4BrCl 1-bromo-2-chloroethane -7.0598 2 0 1 1 0 0 0 0 1 0 
C5H11Br 1-bromopentane -6.9894 1 0 0 1 0 1 3 1 0 0 
C2H4F2 1,1-difluoroethane -6.9797 2 2 0 0 0 1 0 0 1 0 
C4H9Cl 1-chlorobutane -6.8494 1 0 1 0 0 1 2 1 0 0 
C2H3Cl3 1,1,1-trichloroethane -6.837 3 0 3 0 0 1 0 0 0 1 
C4H9I 1-iodobutane -6.7781 1 0 0 0 1 1 2 1 0 0 
C3H7Cl 2-chloropropane -6.7392 1 0 1 0 0 2 0 1 0 0 
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Table A3.1 Descriptors used in this Study as Ordered by Decreasing lnx2. (continued) 
 
Chem. Form. Molecule lnx2 NX NF NCl NBr NI NCH3 NCH2 NCX1 NCX2 NCX3
C2H2Br4 1,1,2,2-tetrabromoethane -6.7377 4 0 0 4 0 0 0 0 0 0 
C4H9Br 1-bromobutane -6.5085 1 0 0 1 0 1 2 1 0 0 
C3H7Cl 1-chloropropane -6.394 1 0 1 0 0 1 1 1 0 0 
C3H7Br 2-bromopropane -6.3569 1 0 0 1 0 2 0 1 0 0 
CCl4 tetrachloromethane -6.3554 4 0 4 0 0 0 0 0 0 0 
C4H9Cl 1-chloro-2-methylpropane -6.3222 1 0 1 0 0 2 0 1 0 0 
C3H7I 2-iodopropane -6.3211 1 0 0 0 1 2 0 1 0 0 
C2H5Cl chloroethane -6.2253 1 0 1 0 0 1 0 1 0 0 
C3H7I 1-iodopropane -6.1763 1 0 0 0 1 1 1 1 0 0 
CBrClH2 bromochloromethane -6.1743 2 0 1 1 0 0 0 0 1 0 
C3H7Br 1-bromopropane -6.0929 1 0 0 1 0 1 1 1 0 0 
C4H8Cl2 1,1-dichlorobutane -6.0537 2 0 2 0 0 1 2 0 1 0 
C2H5Br bromoethane -6.0537 1 0 0 1 0 1 0 1 0 0 
CH3Br bromomethane -5.8671 1 0 0 1 0 0 0 1 0 0 
C2H5I iodoethane -5.8461 1 0 0 0 1 1 0 1 0 0 
C2H4Cl2 1,1-dichloroethane -5.768 2 0 2 0 0 1 0 0 1 0 
CH3I iodomethane -5.7283 1 0 0 0 1 0 0 1 0 0 
C2Cl6 hexachloroethane -5.7283 6 0 6 0 0 0 0 0 0 0 
CHCl3 trichloromethane -5.3606 3 0 3 0 0 0 0 0 0 1 
C2H4ClF 1-chloro-2-fluoroethane -5.2169 2 1 1 0 0 0 0 0 1 0 
C5H11Cl 2-chloro-2-methylbutane -5.1847 1 0 1 0 0 3 1 1 0 0 
C3H6Br2 1,2-dibromopropane -5.1499 2 0 0 2 0 1 0 0 1 0 
CHI3 triiodomethane -5.0923 3 0 0 0 3 0 0 0 0 1 
C3H6Cl2 1,2-dichloropropane -5.0633 2 0 2 0 0 1 0 0 1 0 
CH2Cl2 dichloromethane -5.052 2 0 2 0 0 0 0 0 1 0 
C2H2Cl4 1,1,1,2-tetrachloroethane -4.9899 4 0 4 0 0 0 0 0 0 0 
C2HCl5 pentachloroethane -4.9174 5 0 5 0 0 0 0 0 0 0 
CHBrCl2 bromodichloromethane -4.8482 3 0 2 1 0 0 0 0 0 1 
C2H4Cl2 1,2-dichloroethane -4.1741 2 0 2 0 0 0 0 0 1 0 
C3H6Cl2 1,3-dichloropropane -4.0135 2 0 2 0 0 0 1 0 1 0 
CHClBr2 chlorodibromomethane -3.9912 3 0 1 2 0 0 0 0 0 1 
CH2Br2 dibromomethane -3.9182 2 0 0 2 0 0 0 0 1 0 
C3H6Br2 1,3-dibromopropane -3.9182 2 0 0 2 0 0 1 0 1 0 
C2H3Cl3 1,1,2-trichloroethane -3.8638 3 0 3 0 0 0 0 0 0 1 
C2H4Br2 1,2-dibromoethane -3.6535 2 0 0 2 0 0 0 0 1 0 
CHBr3 tribromomethane -3.3457 3 0 0 3 0 0 0 0 0 1 
C2H2Cl4 1,1,2,2-tetrachloroethane -3.2558 4 0 4 0 0 0 0 0 0 0 
CH2I2 diiodomethane -3.0774 2 0 0 0 2 0 0 0 1 0 







Graph 3.1. lnx2exp vs lnx2calc 
(Eqn 1. MM, Tb, & Vc)
y = 0.9243x - 0.4639


















Table A3.2 Regression statistics for MM, Tb, & Vc: Graph 1, Eqn.1 
 
                      Number of Observations Read                         71   
                      Number of Observations Used                         39   
                      Number of Observations with Missing Values  32   
         
         
 
                                      
Analysis of Variance    
         
                                                     Sum of           Mean    
          Source                   DF        Squares         Square    F Value    Pr > F  
         
          Model                     3      151.85               50.6         142           <.0001  
          Error                       35      12.43                 0.355   
          Corrected Total      38    164.28    
         
         
                       Root MSE ( std dev ) = 0.596    R-Square = 0.924   
                       Dependent Mean = -6.1289       Adj R-Sq = 0.918  
                       Coeff Var = -9.7248     
         
         
 
                                   
 
 








         
                                             Parameter       Standard    
        Variable            DF       Estimate          Error         t Value    Pr > |t|  
         
        Intercept           1        -15.07               0.64            -23          <.0001 
        MM                   1          -0.01801         0.00205         -8.8       <.0001 
        Tb                      1           0.05085         0.00248        21          <.0001  
        Vc                      1          -0.02343         0.00201       -12          <.0001  
          
         
          lnx2exp          lnx2pred   Std Error                    
                                                Predict   Residual     
         
CH3I        1   -5.7283   -5.7842       0.1993    0.0559         
C2H5I        2   -5.8461   -5.8301       0.1307   -0.0160          
C3H7I        3   -6.1763   -5.8592       0.1050   -0.3171          
C3H7I        4   -6.3211   -6.3797       0.1063    0.0586           
C4H9I        5   -6.7781         .            .         .         .          
C7H15I        6  -15.0885         .            .         .         .            
CH2I2        7   -3.0774   -3.0165       0.2764   -0.0609          
CHI3        8   -5.0923   -5.3746       0.4084    0.2823            
C2H5Cl        9   -6.2253   -6.3803       0.1738    0.1550           
C3H7Cl       10   -6.3940   -6.1801       0.1382   -0.2139          
C3H7Cl       11   -6.7392   -6.1679       0.1423   -0.5713          
C4H9Cl       12   -6.8494   -6.1707       0.1585   -0.6787          
C4H9Cl       13   -6.3222   -6.4515       0.1479    0.1293           
C4H9Cl       14   -7.0605   -6.6949       0.1582   -0.3656          
C5H11Cl       15   -7.1371   -6.1285       0.2133   -1.0086         
C5H11Cl       16   -7.3377         .            .         .         .          
C5H11Cl       17   -7.2837         .            .         .         .         
C5H11Cl       18   -5.1847   -7.0296       0.1969    1.8449           
C6H13Cl       19   -7.2077         .            .         .         .          
C7H15Cl       20  -13.2167         .            .         .         .          
CH2Cl2       21   -5.0520   -5.1337       0.1778    0.0818          
C2H4Cl2       22   -5.7680   -5.5779       0.1271   -0.1900          
C2H4Cl2       23   -4.1741   -3.8703       0.1738   -0.3038          
C3H6Cl2       24   -5.0633   -5.0445       0.1291   -0.0188         
C3H6Cl2       25   -4.0135   -4.1313       0.1642    0.1178            
C4H8Cl2       26   -6.0537         .            .         .         .           
C4H8Cl2       27   -9.8443         .            .         .         .          
C5H10Cl2       28  -10.2182         .            .         .         .        
CHCl3       29   -5.3606   -5.8421       0.1141    0.4815            
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C2H3Cl3       30   -6.8370         .            .         .         .           
C2H3Cl3       31   -3.8638   -4.5554       0.1282    0.6917            
C3H5Cl3       32   -2.8984   -4.0055       0.1919    1.1072            
CCl4       33   -6.3554   -6.5198       0.1004    0.1644           
C2H2Cl4       34   -3.2558   -1.8686       0.2537   -1.3872          
C2H2Cl4       35   -4.9899         .            .         .         .          
C2HCl5       36   -4.9174   -5.3837       0.1874    0.4663            
C2Cl6       37   -5.7283   -5.8807       0.2486    0.1524          
CH3Br       38   -5.8671   -6.3081       0.2212    0.4410          
C2H5Br       39   -6.0537   -6.2273       0.1391    0.1736            
C3H7Br       40   -6.0929   -6.0002       0.1007   -0.0927           
C3H7Br       41   -6.3569   -6.4495       0.1029    0.0926            
C4H9Br       42   -6.5085   -6.0141       0.1261   -0.4943           
C5H11Br       43   -6.9894   -6.1449       0.1951   -0.8445          
C6H13Br      44  -12.7788         .            .         .         .           
C7H15Br       45  -14.2130         .            .         .         .            
C8H17Br       46  -15.6734         .            .         .         .          
C4H7Br       47   -7.1601         .            .         .         .            
C5H11Br       48   -7.5540         .            .         .         .          
CH2Br2       49   -3.9182         .            .         .         .          
C2H4Br2       50   -3.6535   -4.0158       0.1630    0.3623          
C3H6Br2       51   -5.1499   -5.1331       0.1431   -0.0168         
C3H6Br2       52   -3.9182         .            .         .         .           
CHBr3       53   -3.3457         .            .         .         .      
CBr4       54  -11.2485         .            .         .         .           
C2H2Br4       55   -6.7377         .            .         .         .            
CBrClH2       56   -6.1743         .            .         .         .            
CHBrCl2       57   -4.8482         .            .         .         .            
CHClBr2       58   -3.9913         .            .         .         .            
C2H4BrCl       59   -7.0598         .            .         .         .           
C2H4ClF       60   -5.2169         .            .         .         .            
C3BrClH6       61   -8.2703         .            .         .         .            
C3H5Br2Cl       62  -10.2930         .            .         .         .            
C2ClF5       63  -11.9806  -11.9465       0.3103   -0.0341          
C2Cl2F4       64  -11.4489  -10.9716       0.2614   -0.4773          
C2Cl2F4       65  -11.1136  -10.9721       0.2614   -0.1415           
C2Cl3F3       66  -10.2281   -9.7493       0.2181   -0.4788           
C2Cl4F2       67   -8.6187         .            .         .         .           
C2HF3ClBr       68   -8.0342         .            .         .         .            
C2H3F2Cl       69   -8.2822         .            .         .         .           
C2H2F3Cl       70   -7.3103         .            .         .         .           




Graph 3.2. lnx2exp vs lnx2calc 
(Eqn 2. MM, Tb, & Pc)
y = 0.8858x - 0.6997


















Table A3.3 Regression Statistics for MM, Tb, Pc regression: Graph 2, Eqn.2 
 
                      Number of Observations Read                                 71  
                      Number of Observations Used                                 39 
                      Number of Observations with Missing Values          32 
   
   
                                       Analysis of Variance  
   
                                                     Sum of           Mean  
          Source                   DF        Squares         Square    F Value    Pr > F 
   
          Model                     3      145.53                48.5        91             <.0001 
          Error                     35       18.75                  0.536 
          Corrected Total    38      164.28  
   
   
                       Root MSE (std dev) = 0.732    R-Square = 0.886 
                       Dependent Mean = -6.1289    Adj R-Sq = 0.876 












                                             Parameter Estimates 
   
                                             Parameter       Standard  
        Variable            DF       Estimate          Error          t Value    Pr > |t| 
   
        Intercept           1          -20.71              0.92             -23          <.0001 
        MM                   1            -0.01944          0.00251       -7.7         <.0001 
        Tb                      1             0.03520          0.00269        13          <.0001 
        Pc                      1             0.1045            0.0118           8.8        <.0001 
    
             lnx2exp        lnx2calc   Std Error                    
                                                Predict   Residual     
   
CH3I        1   -5.7283   -5.6277       0.2697   -0.1006          
C2H5I        2   -5.8461   -6.6672       0.1290    0.8211          
C3H7I        3   -6.1763   -6.3157       0.1373    0.1394           
C3H7I        4   -6.3211   -6.7211       0.1360    0.4000           
C4H9I        5   -6.7781         .            .         .         .         
C7H15I        6  -15.0885         .            .         .         .        
CH2I2        7   -3.0774   -4.2278       0.2849    1.1504          
CHI3        8   -5.0923   -5.5226       0.5000    0.4302           
C2H5Cl        9   -6.2253   -6.3757       0.2159    0.1504         
C3H7Cl       10   -6.3940   -6.1952       0.1697   -0.1988        
C3H7Cl       11   -6.7392   -6.4298       0.1707   -0.3094       
C4H9Cl       12   -6.8494   -6.2862       0.2056   -0.5632        
C4H9Cl       13   -6.3222   -6.5510       0.1910    0.2289         
C4H9Cl       14   -7.0605   -6.6491       0.1961   -0.4114        
C5H11Cl       15   -7.1371   -5.8794       0.2518   -1.2577       
C5H11Cl       16   -7.3377         .            .         .         .         
C5H11Cl       17   -7.2837         .            .         .         .         
C5H11Cl       18   -5.1847   -6.5980       0.2157    1.4133         
C6H13Cl       19   -7.2077         .            .         .         .       
C7H15Cl       20  -13.2167         .            .         .         .        
CH2Cl2       21   -5.0520   -4.9732       0.2388   -0.0788       
C2H4Cl2       22   -5.7680   -5.6692       0.1538   -0.0987        
C2H4Cl2       23   -4.1741   -4.4331       0.1834    0.2591         
C3H6Cl2       24   -5.0633   -5.0245       0.1585   -0.0388       
C3H6Cl2       25   -4.0135   -4.8422       0.2198    0.8287          
C4H8Cl2       26   -6.0537         .            .         .         .        
C4H8Cl2       27   -9.8443         .            .         .         .         
C5H10Cl2       28  -10.2182         .            .         .         .        
CHCl3       29   -5.3606   -5.5115       0.1627    0.1509         
C2H3Cl3       30   -6.8370         .            .         .         .         
C2H3Cl3       31   -3.8638   -4.3082       0.1637    0.4444         
C3H5Cl3       32   -2.8984   -4.3037       0.2484    1.4054        
CCl4       33   -6.3554   -6.6222       0.1236    0.2668          
C2H2Cl4       34   -3.2558   -3.8933       0.1863    0.6375           
C2H2Cl4       35   -4.9899         .            .         .         .         
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C2HCl5       36   -4.9174   -4.5357       0.2032   -0.3816        
C2Cl6       37   -5.7283   -5.0750       0.2671   -0.6533         
CH3Br       38   -5.8671   -5.9068       0.3149    0.0397          
C2H5Br       39   -6.0537   -5.3499       0.2426   -0.7038       
C3H7Br       40   -6.0929   -5.9223       0.1251   -0.1707         
C3H7Br       41   -6.3569   -6.2679       0.1300   -0.0890         
C4H9Br       42   -6.5085   -5.7274       0.1432   -0.7810         
C5H11Br       43   -6.9894   -5.5195       0.2016   -1.4699          
C6H13Br      44  -12.7788         .            .         .         .         
C7H15Br       45  -14.2130         .            .         .         .        
C8H17Br       46  -15.6734         .            .         .         .        
C4H7Br       47   -7.1601         .            .         .         .        
C5H11Br       48   -7.5540         .            .         .         .         
CH2Br2       49   -3.9182         .            .         .         .        
C2H4Br2       50   -3.6535   -2.6484       0.3277   -1.0051       
C3H6Br2       51   -5.1499   -4.3680       0.1930   -0.7819       
C3H6Br2       52   -3.9182         .            .         .         .          
CHBr3       53   -3.3457         .            .         .         .         
CBr4       54  -11.2485         .            .         .         .        
C2H2Br4       55   -6.7377         .            .         .         .         
CBrClH2       56   -6.1743         .            .         .         .         
CHBrCl2       57   -4.8482         .            .         .         .         
CHClBr2       58   -3.9913         .            .         .         .        
C2H4BrCl       59   -7.0598         .            .         .         .        
C2H4ClF       60   -5.2169         .            .         .         .         
C3BrClH6       61   -8.2703         .            .         .         .         
C3H5Br2Cl       62  -10.2930         .            .         .         .         
C2ClF5       63  -11.9806  -12.1999       0.3940    0.2193          
C2Cl2F4       64  -11.4489  -10.9356       0.3240   -0.5133         
 
C2Cl2F4       65  -11.1136  -10.9109       0.3227   -0.2027          
C2Cl3F3       66  -10.2281   -9.5289       0.2602   -0.6992          
C2Cl4F2       67   -8.6187         .            .         .         .          
C2HF3ClBr       68   -8.0342         .            .         .         .         
C2H3F2Cl       69   -8.2822         .            .         .         .          
C2H2F3Cl       70   -7.3103         .            .         .         .          












Graph 3.3. lnx2exp vs lnx2calc 
(Eqn 3. MM, Tc, & Pc)
y = 0.9209x - 0.4846

















Table A3.4 Regression Statistics for MM, Tc, Pc regression: Graph 3, Eqn.3 
 
 Number of Observations Read                          71    
 Number of Observations Used                          39  
 Number of Observations with Missing Values 32  
     
     
                                       Analysis of Variance    
     
                                                     Sum of           Mean    
          Source                   DF        Squares         Square    F Value    Pr > F 
     
          Model                     3         151.29           50.43      136            <.0001 
          Error                      35           12.99            0.371   
 
         Corrected Total     38         164.28 
    
                       Root MSE (std dev) = 0.609    R-Square = 0.921    
                       Dependent Mean = -6.1289       Adj R-Sq = 0.914    
                       Coeff Var = -9.9393  
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Parameter Estimates 
     
                                               Parameter        Standard    
        Variable             DF       Estimate          Error          t Value    Pr > |t| 
     
        Intercept            1         -20.39               0.74              -28           <.0001 
        MM                   1           -0.02166         0.00216        -10           <.0001 
        Tc                       1            0.02486         0.00153          16           <.0001 
        Pc                       1            0.07810         0.01011            7.7        <.0001 
     
             lnx2exp      lnx2pred   Std Error                  
                                                Predict  Residual     
     
CH3I        1   -5.7283   -5.3066       0.2151   -0.4217          
C2H5I        2   -5.8461   -6.3230       0.1013    0.4769         
C3H7I        3   -6.1763   -6.0749       0.1168   -0.1015         
C3H7I        4   -6.3211   -6.4037       0.1120    0.0826          
C4H9I        5   -6.7781         .            .         .         .          
C7H15I        6  -15.0885         .            .         .         .            
CH2I2        7   -3.0774   -3.5378       0.2488    0.4604          
CHI3        8   -5.0923   -5.0153       0.4141   -0.0770           
C2H5Cl        9   -6.2253   -6.2030       0.1764   -0.0224         
C3H7Cl       10   -6.3940   -6.0052       0.1425   -0.3888         
C3H7Cl       11   -6.7392   -6.1196       0.1412   -0.6196        
C4H9Cl       12   -6.8494   -6.0449       0.1767   -0.8045       
C4H9Cl       13   -6.3222   -6.3677       0.1621    0.0455         
C4H9Cl       14   -7.0605   -6.5769       0.1641   -0.4837         
C5H11Cl       15   -7.1371   -6.3813       0.1919   -0.7558       
C5H11Cl       16   -7.3377         .            .         .         .            
C5H11Cl       17   -7.2837         .            .         .         .         
C5H11Cl       18   -5.1847   -6.3934       0.1838    1.2087            
C6H13Cl       19   -7.2077         .            .         .         .          
C7H15Cl       20  -13.2167         .            .         .         .           
CH2Cl2       21   -5.0520   -4.7850       0.1974   -0.2669          
C2H4Cl2       22   -5.7680   -5.5466       0.1283   -0.2213          
C2H4Cl2       23   -4.1741   -4.3678       0.1535    0.1938           
C3H6Cl2       24   -5.0633   -4.8175       0.1381   -0.2459          
C3H6Cl2       25   -4.0135   -4.7206       0.1855    0.7071        
C4H8Cl2       26   -6.0537         .            .         .         .           
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C4H8Cl2       27   -9.8443         .            .         .         .            
C5H10Cl2       28  -10.2182         .            .         .         .         
CHCl3       29   -5.3606   -5.3408       0.1342   -0.0197         
C2H3Cl3       30   -6.8370         .            .         .         .           
C2H3Cl3       31   -3.8638   -4.1983       0.1389    0.3345           
C3H5Cl3       32   -2.8984   -4.3129       0.2022    1.4146           
CCl4       33   -6.3554   -6.3311       0.0999   -0.0243         
C2H2Cl4       34   -3.2558   -3.5878       0.1660    0.3320          
C2H2Cl4       35   -4.9899         .            .         .         .           
C2HCl5       36   -4.9174   -5.1333       0.1491    0.2159          
C2Cl6       37   -5.7283   -4.9274       0.2252   -0.8009          
CH3Br       38   -5.8671   -5.7468       0.2558   -0.1203          
C2H5Br       39   -6.0537   -5.3581       0.2014   -0.6957          
C3H7Br       40   -6.0929   -5.9594       0.1041   -0.1335          
C3H7Br       41   -6.3569   -6.2357       0.1076   -0.1212         
C4H9Br       42   -6.5085   -5.8710       0.1146   -0.6374          
C5H11Br       43   -6.9894   -6.6743       0.1349   -0.3151          
C6H13Br       44  -12.7788         .            .         .         .            
C7H15Br       45  -14.2130         .            .         .         .           
C8H17Br       46  -15.6734         .            .         .         .           
C4H7Br       47   -7.1601         .            .         .         .           
C5H11Br       48   -7.5540         .            .         .         .            
CH2Br2       49   -3.9182         .            .         .         .           
C2H4Br2       50   -3.6535   -4.3820       0.2820    0.7285          
C3H6Br2       51   -5.1499   -4.7720       0.1547   -0.3779         
C3H6Br2       52   -3.9182         .            .         .         .          
CHBr3       53   -3.3457         .            .         .         .           
CBr4       54  -11.2485         .            .         .         .           
C2H2Br4       55   -6.7377         .            .         .         .           
CBrClH2       56   -6.1743         .            .         .         .          
CHBrCl2       57   -4.8482         .            .         .         .           
CHClBr2       58   -3.9913         .            .         .         .         
C2H4BrCl       59   -7.0598         .            .         .         .           
C2H4ClF       60   -5.2169         .            .         .         .         
C3BrClH6       61   -8.2703         .            .         .         .        
C3H5Br2Cl       62  -10.2930         .            .         .         .            
C2ClF5       63  -11.9806  -12.5109       0.3371    0.5303          
C2Cl2F4       64  -11.4489  -11.1711       0.2760   -0.2778          
C2Cl2F4       65  -11.1136  -11.1474       0.2750    0.0338           
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C2Cl3F3       66  -10.2281   -9.6910       0.2202   -0.5371         
C2Cl4F2       67   -8.6187         .            .         .         .           
C2HF3ClBr       68   -8.0342         .            .         .         .          
C2H3F2Cl       69   -8.2822         .            .         .         .           
C2H2F3Cl       70   -7.3103         .            .         .         .           









































Graph 3.4.lnx2exp vs lnx2calc (Eqn 4. MM, Tc, & Vc)
y = 0.9021x - 0.5997

















Table A3.5 Regression Statistics for MM, Tc, Vc regression: Graph 4, Eqn.4 
 
 Number of Observations Read                         71   
 Number of Observations Used                         39  
 Number of Observations with Missing Values  32 
        
        
                                       Analysis of Variance   
        
                                                      Sum of           Mean   
          Source                    DF        Squares         Square    F Value    Pr > F 
        
          Model                     3            148.21           49.4        108            <.0001 
          Error                       35           16.08              0.459  
          Corrected Total      38          164.28   
        
        
                       Root MSE (std dev) = 0.678    R-Square = 0.902  
                       Dependent Mean = -6.1289    Adj R-Sq = 0.894 
                       Coeff Var = -11.0577    
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           Parameter Estimates 
        
                                           Parameter       Standard   
        Variable          DF       Estimate          Error          t Value    Pr > |t| 
        
        Intercept         1          -16.27             0.79              -21          <.0001 
        MM                 1            -0.02072       0.00243          -8.5       <.0001 
        Tc                    1             0.03054       0.00172         18          <.0001 
        Vc                    1            -0.01344       0.00209          -6.4       <.0001 
        
             lnx2exp      lnx2pred          Std Error                  
                                                Predict  Residual           
    
CH3I        1   -5.7283   -5.5030       0.2270   -0.2253           
C2H5I        2   -5.8461   -5.7523       0.1488   -0.0938           
C3H7I        3   -6.1763   -5.7146       0.1205   -0.4617              
C3H7I        4   -6.3211   -6.0859       0.1194   -0.2351          
C4H9I        5   -6.7781         .            .         .         .               
C7H15I        6  -15.0885         .            .         .         .      
CH2I2        7   -3.0774   -2.7922       0.3209   -0.2852           
CHI3        8   -5.0923   -4.8629       0.4651   -0.2294              
C2H5Cl        9   -6.2253   -6.2286       0.1973  0.003239       
C3H7Cl       10   -6.3940   -5.9514       0.1582   -0.4426        
C3H7Cl       11   -6.7392   -5.9036       0.1627   -0.8356        
C4H9Cl       12   -6.8494   -5.8337       0.1830   -1.0157         
C4H9Cl       13   -6.3222   -6.1793       0.1687   -0.1428          
C4H9Cl       14   -7.0605   -6.4873       0.1795   -0.5733          
C5H11Cl       15   -7.1371   -6.5247       0.2411   -0.6124        
C5H11Cl       16   -7.3377         .            .         .         .         
C5H11Cl       17   -7.2837         .            .         .         .          
C5H11Cl       18   -5.1847   -6.4684       0.2225    1.2837        
C6H13Cl       19   -7.2077         .            .         .         .          
C7H15Cl       20  -13.2167         .            .         .         .         
CH2Cl2       21   -5.0520   -5.0060       0.2043   -0.0460       
C2H4Cl2       22   -5.7680   -5.5247       0.1452   -0.2433         
C2H4Cl2       23   -4.1741   -4.1490       0.1891   -0.0250       
C3H6Cl2       24   -5.0633   -4.8135       0.1538   -0.2498          
C3H6Cl2       25   -4.0135   -4.2617       0.1830    0.2482          
C4H8Cl2       26   -6.0537         .            .         .         .         
C4H8Cl2       27   -9.8443         .            .         .         .           
C5H10Cl2       28  -10.2182         .            .         .         .          
CHCl3       29   -5.3606   -5.5892       0.1320    0.2286         
C2H3Cl3       30   -6.8370         .            .         .         .         
C2H3Cl3       31   -3.8638   -4.4092       0.1518    0.5455         
C3H5Cl3       32   -2.8984   -4.1253       0.2151    1.2270         
CCl4       33   -6.3554   -6.1821       0.1115   -0.1733          
C2H2Cl4       34   -3.2558   -2.4556       0.2664   -0.8002           
C2H2Cl4       35   -4.9899         .            .         .         .        
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C2HCl5       36   -4.9174   -5.7845       0.2092    0.8671            
C2Cl6       37   -5.7283   -5.3060       0.2870   -0.4223          
CH3Br       38   -5.8671   -6.1343       0.2507    0.2671            
C2H5Br       39   -6.0537   -6.0348       0.1578   -0.0189        
C3H7Br       40   -6.0929   -6.0375       0.1144   -0.0555         
C3H7Br       41   -6.3569   -6.3538       0.1164   -0.003071       
C4H9Br       42   -6.5085   -6.0425       0.1432   -0.4660          
C5H11Br       43   -6.9894   -7.2295       0.2250    0.2400            
C6H13Br       44  -12.7788         .            .         .         .         
C7H15Br       45  -14.2130         .            .         .         .         
C8H17Br       46  -15.6734         .            .         .         .      
C4H7Br       47   -7.1601         .            .         .         .        
C5H11Br       48   -7.5540         .            .         .         .          
CH2Br2       49   -3.9182         .            .         .         .        
C2H4Br2       50   -3.6535   -5.8828       0.1541    2.2293          
C3H6Br2       51   -5.1499   -5.4136       0.1586    0.2637          
C3H6Br2       52   -3.9182         .            .         .         .           
CHBr3       53   -3.3457         .            .         .         .           
CBr4       54  -11.2485         .            .         .         .          
C2H2Br4       55   -6.7377         .            .         .         .           
CBrClH2       56   -6.1743         .            .         .         .         
CHBrCl2       57   -4.8482         .            .         .         .           
CHClBr2       58   -3.9913         .            .         .         .         
C2H4BrCl       59   -7.0598         .            .         .         .       
C2H4ClF       60   -5.2169         .            .         .         .           
C3BrClH6       61   -8.2703         .            .         .         .          
C3H5Br2Cl       62  -10.2930         .            .         .         .          
C2ClF5       63  -11.9806  -12.1326       0.3665    0.1520           
C2Cl2F4       64  -11.4489  -10.9809       0.3008   -0.4680         
C2Cl2F4       65  -11.1136  -10.9748       0.3004   -0.1388          
C2Cl3F3       66  -10.2281   -9.6403       0.2451   -0.5878           
C2Cl4F2       67   -8.6187         .            .         .         .          
C2HF3ClBr       68   -8.0342         .            .         .         .           
C2H3F2Cl       69   -8.2822         .            .         .         .          
C2H2F3Cl       70   -7.3103         .            .         .         .          













Graph 3.5.lnx2exp vs lnx2calc (Eqn 5. MM & Tc)
y = 0.7514x - 1.5132

















Table A3.6 Regression Statistics for MM, Tc: Graph 5, Eqn.5 
 
                      Number of Observations Read                           71   
                      Number of Observations Used                               42   
                      Number of Observations with Missing Values        29  
         
         
                                       Analysis of Variance    
         
                                                     Sum of           Mean    
          Source                   DF        Squares         Square    F Value    Pr > F  
         
          Model                    2          129.85           64.9         59             <.0001  
          Error                    39             42.97             1.102   
          Corrected Total   41           172.82    
         
         
                       Root MSE (std dev) = 1.050   R-Square = 0.751   
                       Dependent Mean = -6.0859    Adj R-Sq = 0.739  
                       Coeff Var = -17.2474     
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                               Parameter Estimates 
         
                                             Parameter       Standard    
        Variable            DF       Estimate          Error          t Value    Pr > |t|  
         
        Intercept           1          -17.97                1.13             -16          <.0001 
        MM                   1            -0.02247          0.00362         -6.2         <.0001 
        Tc                      1            0.02721           0.00253         11          <.0001  
         
             lnx2exp       lnx2pred  Std Error                    
                                               Predict    Residual      
         
CH3I        1   -5.7283   -6.7910       0.1745    1.0627            
C2H5I        2   -5.8461   -6.3986       0.1680    0.5525            
C3H7I        3   -6.1763   -5.7505       0.1762   -0.4259          
C3H7I        4   -6.3211   -6.1532       0.1757   -0.1679          
C4H9I        5   -6.7781         .            .         .         .           
C7H15I        6  -15.0885         .            .         .         .        
CH2I2        7   -3.0774   -3.8263       0.3965    0.7489          
CHI3        8   -5.0923   -5.1938       0.6747    0.1015           
C2H5Cl        9   -6.2253   -6.8935       0.2698    0.6682          
C3H7Cl       10   -6.3940   -6.0440       0.2399   -0.3500        
C3H7Cl       11   -6.7392   -6.2889       0.2382   -0.4503        
C4H9Cl       12   -6.8494   -5.3006       0.2323   -1.5488         
C4H9Cl       13   -6.3222   -5.7224       0.2194   -0.5998         
C4H9Cl       14   -7.0605   -5.8830       0.2161   -1.1775        
C5H11Cl       15   -7.1371   -5.3437       0.2085   -1.7934          
C5H11Cl       16   -7.3377         .            .         .         .           
C5H11Cl       17   -7.2837         .            .         .         .           
C5H11Cl       18   -5.1847   -5.4253       0.2055    0.2406           
C6H13Cl       19   -7.2077         .            .         .         .           
C7H15Cl       20  -13.2167         .            .         .         .           
CH2Cl2       21   -5.0520   -5.9999       0.2282    0.9479           
C2H4Cl2       22   -5.7680   -5.9613       0.2042    0.1933           
C2H4Cl2       23   -4.1741   -4.9272       0.2381    0.7531           
C3H6Cl2       24   -5.0633   -4.7618       0.2284   -0.3015          
C3H6Cl2       25   -4.0135   -4.1076       0.2683    0.0941         
C4H8Cl2       26   -6.0537         .            .         .         .            
C4H8Cl2       27   -9.8443         .            .         .         .           
C5H10Cl2       28  -10.2182         .            .         .         .            
CHCl3       29   -5.3606   -6.0527       0.1758    0.6921           
C2H3Cl3       30   -6.8370         .            .         .         .           
C2H3Cl3       31   -3.8638   -4.4766       0.2258    0.6128           
C3H5Cl3       32   -2.8984   -3.5672       0.2843    0.6688           
CCl4       33   -6.3554   -6.2879       0.1652   -0.0676         
C2H2Cl4       34   -3.2558   -3.7484       0.2710    0.4926           
C2H2Cl4       35   -4.9899         .            .         .         .         
C2HCl5       36   -4.9174   -4.9360       0.2371    0.0187          
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C2Cl6       37   -5.7283   -4.1208       0.3260   -1.6075          
CH3Br       38   -5.8671   -7.4765       0.2357    1.6094           
C2H5Br       39   -6.0537   -6.7086       0.1925    0.6549         
C3H7Br       40   -6.0929   -6.1611       0.1719    0.0682          
C3H7Br       41   -6.3569   -6.5149       0.1747    0.1580           
C4H9Br       42   -6.5085   -5.5511       0.1716   -0.9574         
C5H11Br       43   -6.9894   -5.9942       0.1629   -0.9953         
C6H13Br       44  -12.7788         .            .         .         .            
C7H15Br       45  -14.2130         .            .         .         .            
C8H17Br       46  -15.6734         .            .         .         .            
C4H7Br       47   -7.1601         .            .         .         .           
C5H11Br       48   -7.5540         .            .         .         .           
CH2Br2       49   -3.9182         .            .         .         .            
C2H4Br2       50   -3.6535   -6.3289       0.2015    2.6754          
C3H6Br2       51   -5.1499   -5.2507       0.2276    0.1008          
C3H6Br2       52   -3.9182         .            .         .         .           
CHBr3       53   -3.3457   -4.7087       0.3379    1.3630           
CBr4       54  -11.2485         .            .         .         .            
C2H2Br4       55   -6.7377         .            .         .         .         
CBrClH2       56   -6.1743   -5.7197       0.1718   -0.4546          
CHBrCl2       57   -4.8482         .            .         .         .           
CHClBr2       58   -3.9913         .            .         .         .            
C2H4BrCl       59   -7.0598   -4.7148       0.2066   -2.3450          
C2H4ClF       60   -5.2169         .            .         .         .            
C3BrClH6       61   -8.2703         .            .         .         .           
C3H5Br2Cl       62  -10.2930         .            .         .         .           
C2ClF5       63  -11.9806  -11.8321       0.5634   -0.1485        
C2Cl2F4       64  -11.4489  -10.4166       0.4495   -1.0323        
C2Cl2F4       65  -11.1136  -10.4112       0.4490   -0.7024        
C2Cl3F3       66  -10.2281   -8.9168       0.3426   -1.3113         
C2Cl4F2       67   -8.6187         .            .         .         .          
C2HF3ClBr       68   -8.0342         .            .         .         .           
C2H3F2Cl       69   -8.2822         .            .         .         .            
C2H2F3Cl       70   -7.3103         .            .         .         .           
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Forty-two gases were separated into chemically reactive and nonreactive gases, 
permanent and noble gases, and halogenated hydrocarbons for correlating their solubility 
in H2O(l) at 298.15K and 1 atm partial pressure of gas .  The sets of gases were analyzed 
using molecular mass (MM), normal boiling point (Tb), polarizability (POL), Hildebrand 
solubility parameter squared (δ )2, critical temperature (Tc), critical pressure (Pc), and 
(critical volume)2/3 ( 3
2
cV ).  For the solubilities of the nonreactive gases,  3
2
cV  regressed 
well with Tb and with Tc.  The reactive gases were best modeled using MM and Tb, MM 
and Tc, and POL and Tc.  The halogenated hydrocarbons regressed well with one or two 
descriptors (MM and Tb, MM and Tc, 2δ , and Pc).  The permanent and noble gases were 
well-modeled using single-descriptor regressions ( 2δ , Pc, 3
2
cV , MM, Tb, Tc, and POL).  




 Intermolecular forces are involved in all types of reactions.   These include 
dipole-dipole, dipole-induced dipole, ion-ion, ion-dipole, ion-induced dipole, and induced 
dipole-induced dipole interactions.  In a dipole-dipole interaction two electrically 
polarized molecules (i.e. with charge separation) are attracted to each other.  For 
example, two H2O molecules arrange such that the positively-charged H atom on one 
H2O molecule attracts the negatively-charged O on another H2O molecule (Fig. 4.1(a)).  
Because H2O has a permanent dipole, it can also induce a charge separation (dipole) in a 
neighboring nonpolar molecule.  This is the dipole-induced dipole interaction (Fig. 
4.1(b)).  An ion has a permanent charge and can therefore induce a charge separation 
(dipole) in a neighboring molecule.  The result is the ion-induced dipole interaction (Fig. 
4.1(c)).  In addition, an ion and a polar molecule can have an ion-dipole interaction (Fig. 
4.1(d)).  The charged ion attracts the opposite charge on the adjacent molecule.  The 
           (a)             (b)              (c)     (d) 
Fig. 4.1 Types of intermolecular forces: (a) dipole-dipole, (b) dipole-induced dipole, (c) 
ion-induced dipole, and (d) ion-dipole. δ+ and δ- indicate the partial positive and the 














































example of NaCl illustrates an ion-ion interaction (Fig.4.2).  In the solid the Na cation 
and the Cl anion are attracted due to their opposite charges and therefore bind together in 
a crystal lattice.  In an aqueous solution water molecules separate these two ions. The Na+ 
ion binds to the electronegative O of the H2O molecule, and the Cl- ion binds to the 
partially positively charged H of the H2O molecule.      
  
    (a)       (b)          
Fig. 4.2 NaCl as an example of an ion-ion interaction: (a) in a crystal and (b) in an 




London dispersion forces also play a significant role in reactions between 
molecules.  London forces are based on the redistribution of the electron cloud 
surrounding an atom or molecule.  The London forces create time-varying weak, 
temporary dipoles in molecules, which can then induce dipoles in the neighboring 
molecules (Fig. 4.3).  The time average of the instantaneous dipoles of a molecule is the 
London dispersion force of the molecule.1-2 The ease with which the electron cloud of a 
molecule can be distorted when the molecule is placed in an electric field is the 













polarizable molecules.3  An example of induced dipole-induced dipole forces is found 
with the spherical nonpolar CF4 ( POL = 3.84 Å3 ) and SF6 ( POL = 6.54 Å3 ) molecules.  
They differ in polarizability by ~3.10-24 cm3,4 and CF4 has a boiling point of 145.15K and 
SF6 has a boiling point of 209.25K,5 showing that the more polarizable molecule has a 
higher boiling point.  Because some gases react in water, we explore intermolecular 
forces as relating to chemically reactive and nonreactive gases in water. 
  
Fig. 4.3 The fluctuating distribution of electrons in London forces enables an ethane 
molecule to shift the electron distribution of a neighboring ethane molecule so that there 
can be induced-dipole/induced-dipole interactions on a time-average basis.  δ+ and δ- 
indicate the partial positive and the partial negative charges, respectively. 
 
 
Scientists have used many approaches for analyzing the solubility of gases in 
water.  Because D2O is chemically similar to H2O with deuterons replacing each H of the 
H2O molecule, D2O is often studied comparatively with H2O.  The thermodynamics of 
the transfer of nonpolar gases from H2O to D2O is presented by Scharlin and Battino.6  
The solubilities of gases in D2O and H2O are reported in Refs.6-9.  Cosgrove and 
Walkley8 use a gas chromatographic technique to measure the solubility of gases in H2O 
and D2O.  Other studies on gas solubility include the work of Miller and Hildebrand10, 
who present a model to explain the loss of entropy upon the solution of inert gases in 
water.   Jhon et al. explore the aqueous solubility of gases based on a structured water 
model.11  Gas solubilities have been explained using thermodynamics12-14 and determined 























anesthetics, a class of gases important in medicine, have been studied,16-17 and for these 
solubilities the molecular connectivity index16 was an especially promising descriptor. 
Building on the work of a former colleague18, forty-two gases were regressed using seven 
descriptors.  Because some of the gases react with water, this fact was also taken into 
account.  Different satisfactory regressions were obtained for the chemically reactive and 
nonreactive gases, permanent and noble gases, and halogenated hydrocarbons in water. 
 
4.3 Methods 
The forty-two gases in our master list were separated according to whether they 
chemically reacted with water or not (Tables 4.1 and 4.2).   Thirty-four gases are 
nonreactive (Table 4.1), and eight gases are reactive with water (Table 4.2).  Two groups 
also studied were the permanent and noble gases (Table 4.3) and the halogenated 
hydrocarbons (Table 4.4).  lnx2 (mole fraction solubility at 298.15K and 1atm partial 
pressure of gas) was fitted against a variety of descriptors.  They were regressed using 
Statmost19, SAS20, and SigmaPlot21.  The results were analyzed and ordered using 
Excel22.  This study used the following descriptors: molecular mass (MM), normal 
boiling point (Tb), polarizability (POL), Hildebrand’s solubility parameter squared (δ)2, 
critical temperature (Tc), critical pressure (Pc), and (critical volume)2/3 ( 3
2
cV ).  The 
experimental descriptors were obtained from various sources.5,23,24 The POL of some 
gases was calculated using an additive method4, while others were obtained from the 




Table 4.1 Chemically Nonreactive Gases Used in This Study as Ordered by MM. 
 

























H2 -11.1672 2.02 20.37 0.80 44.2 33.18 13.13 16.0 
He -11.8720 4.00 4.23 0.20 1.5 5.20 2.28 14.9 
CH4 -10.5938 16.04 111.54 2.59 135.0 190.58 46.04 21.4 
Ne -11.7196 20.18 27.25 0.39 88.7 44.40 26.53 12.0 
C2H2 -7.1982 26.04 189.15 3.33 353.9 308.32 61.39 23.4 
CO -10.9683 28.01 81.65 1.95 41.0 132.92 34.99 20.5 
N2 -11.3534 28.01 77.34 1.74 82.5 126.10 33.94 20.1 
C2H4 -9.3634 28.05 169.45 4.25 154.7 282.36 50.32 25.5 
NO -10.2668 30.01 121.45 1.60 535.4 180.15 64.85 14.9 
C2H6 -10.3055 30.07 184.55 4.43 153.1 305.42 48.80 28.0 
O2 -10.6809 32.00 90.18 1.58 66.9 154.58 50.43 17.5 
CH3F -6.8476 34.03 194.80 3.54 415.1 317.70 58.77 23.4 
Ar -10.5903 39.95 87.29 1.64 199.9 150.86 48.98 17.7 
C3H6 -8.9207 42.08 225.45 6.26 173.0 364.76 46.13 32.0 
c-C3H6 -8.4809 42.08 240.29 5.66 300.4 397.91 55.75 29.8 
N2O -7.7326 44.01 184.20 3.03 435.3 309.57 74.45 21.2 
C3H8 -10.5182 44.10 231.08 6.29 171.4 369.82 42.49 34.5 
CH3Cl -6.2775 50.49 248.93 5.35 388.6 416.25 66.79 26.8 
CH2=CHC=-CH -6.6983 52.08 278.30 6.72 290.2 454.00 48.60 34.8 
CH2=CHCH=CH2 -8.2544 54.09 268.74 8.64 243.6 425.37 43.30 36.5 
CH2=C(CH3)2 -9.1818 56.11 266.25 8.29 223.7 419.59 40.20 38.6 
C4H10 -10.7258 58.12 272.65 8.20 208.9 425.18 37.97 40.2 
COS -7.8662 60.08 222.95 5.07 328.7 378.80 63.49 26.3 
NF3 -11.1490 71.00 144.12 3.62 224.9 233.85 45.3 24.2 
C(CH3)4-neopen -11.4387 72.15 282.65 10.20 170.6 433.78 31.99 45.2 
Kr -10.0102 83.80 119.90 2.48 233.4 209.35 55.02 20.3 
CHClF2 -7.3798 86.47 232.35 5.91 298.3 369.30 49.71 30.2 
CF4 -12.4755 88.01 145.15 3.84 191.4 227.50 37.39 27.0 
CH3Br -5.8671 94.94 276.61 5.78 398.0 467.00 80.00 29.0 
CF2=CF2 -10.4646 100.02 197.15 3.90 232.9 306.45 39.44 30.9 
Xe -9.4638 131.29 165.15 4.04 253.1 289.74 58.40 24.1 
SF6 -12.3353 146.06 209.25 6.54 161.1 318.69 37.60 34.0 
C3F6 -12.1482 150.02 244.15 5.85 178.4 368.00 29.00 41.6 







Table 4.2 Chemically Reactive Gases Used in This Study as Ordered by MM. 
 
 

























NH3 -1.6734 17.03 239.8 2.26 853.6 405.65 112.78 17.4 
H2S -6.292 34.08 212.88 3.78 324 373.53 89.63 21.3 
CO2 -7.4002 44.01 194.67 2.91 212.1 304.19 73.82 20.7 
SO2 -3.6773 64.07 263.15 3.72 150.6 430.75 78.84 24.6 
ClO2 -4.0041 67.45 283.05 3.62 572.9 465 108.28 21.2 
Cl2 -6.4082 70.91 239.04 4.64 405.9 417.15 77.11 24.8 
AsH3 -8.7316 77.95 210.67 4.92 306.4 373 64.13 26 









Table 4.3 Permanent and Noble Gases Used in This Study as Ordered by MM. 
 

























H2 -11.1672 2.02 20.37 0.8 44.2 33.18 13.13 16 
He -11.872 4 4.23 0.2 1.5 5.2 2.28 14.9 
Ne -11.7196 20.18 27.25 0.39 88.7 44.4 26.53 12 
CO -10.9683 28.01 81.65 1.95 41 132.92 34.99 20.5 
N2 -11.3534 28.01 77.34 1.74 82.5 126.1 33.94 20.1 
O2 -10.6809 32 90.18 1.58 66.9 154.58 50.43 17.5 
Ar -10.5903 39.95 87.29 1.64 199.9 150.86 48.98 17.7 
Kr -10.0102 83.8 119.9 2.48 233.4 209.35 55.02 20.3 
Xe -9.4638 131.29 165.15 4.04 253.1 289.74 58.4 24.1 









Table 4.4 Halogenated Hydrocarbons Used in This Study as Ordered by MM. 
 

























CH3F -6.8476 34.03 194.8 3.54 415.1 317.7 58.77 23.4 
CH3Cl -6.2775 50.49 248.93 5.35 388.6 416.25 66.79 26.8 
CHClF2 -7.3798 86.47 232.35 5.91 298.3 369.3 49.71 30.2 
CF4 -12.4755 88.01 145.15 3.84 191.4 227.5 37.39 27 
CH3Br -5.8671 94.94 276.61 5.78 398 467 80 29 
CF2=CF2 -10.4646 100.02 197.15 3.9 232.9 306.45 39.44 30.9 





































4.4.1 Chemically Nonreactive Gases 
The nonreactive gases were regressed with one or two descriptors.  3
2
cV  was combined 
with Tb (Eqn.1) and with Tc (Eqn.2). 
 
lnx2 = -8.260(±0.542) + 0.04227(±0.00382)Tb - 0.3330(± 0.0370) 3
2
cV   (1) 
t-value =      -15                       11                      -9.0   
R2 = 0.799    s = 0.862  N = 34  
 
lnx2 = -8.972(±0.509) + 0.02350(±0.00205)Tc - 0.2794 (±0.0318) 3
2
cV         (2) 
t-value=      -18             11           -8.8 
R2 = 0.811    s = 0.837  N = 34 
Other regressions did not predict lnx2 of the nonreactive gases as well (Table 4.5). 
Table 4.5 Additional Regressions of the Nonreactive Gases. 
 





Satisfactory single-descriptor regressions ( R2 > 0.6 ) were not obtained for the 
chemically nonreactive gases.   
4.4.2 Chemically Reactive Gases 
Pc was the best single-descriptor regression (Eqn.3). 
lnx2 = -15.28(± 2.70) + 0.1127(±0.0308)Pc                    (3) 
t-value =   -5.7                   3.6           
R2 = 0.690  s = 1.38  N = 8 
 
The reactive gases were better modeled using two descriptors.  MM regressed well with  
 
Tb (Eqn.4) and with Tc (Eqn.5). 
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lnx2 = -16.96(±2.57) - 0.06851(±0.01403)MM + 0.06522(±0.01109)Tb              (4) 
t-value =     -6.6                -4.9                       5.9 
R2 = 0.906  s = 0.829  N = 8 
 
lnx2 = -16.58(±3.29) - 0.07682(±0.01825)MM + 0.03869(±0.00868)Tc   (5) 
t-value =      -5.0               -4.2                             4.5 
R2 = 0.851  s = 1.046  N = 8 
 
POL and Tc (Eqn.6) were better descriptors than POL and Tb(Eqn.7). 
 
lnx2 = -11.30(±2.12) - 2.046(±0.275)POL + 0.03390(±0.00512)Tc      (6) 
t-value =     -5.3              -7.4                                 6.6   
R2 = 0.944  s = 0.640  N = 8 
 
lnx2 = -11.37(±3.43) + 0.05122(±0.01268)Tb – 1.641(±0.410)POL     (7) 
t-value =      -3.3                     4.0                        -4.0 
R2 = 0.872  s = 0.969  N = 8 
 
4.4.3 Permanent and Noble Gases 
 
The permanent and noble gases regressed well using single descriptors (Eqns. 8-14). 
 
lnx2 = -11.68 ( ± 0.24 ) + 0.0073 ( ± 0.0017 ) 2δ      (8) 
t-value = -49   4.3 
R2 = 0.728  s = 0.436  N = 9 
 
lnx2 = -12.31 ( ± 0.39 ) + 0.0429 ( ± 0.0091 )Pc     (9) 
t-value = -31   4.7 
R2 = 0.736  s = 0.549  N = 10 
 
lnx2 = -14.51 ( ± 0.73 ) + 0.203 ( ± 0.038 ) 3
2
cV      (10) 
t-value = -20   5.4 
R2 = 0.783  s = 0.498  N = 10 
 
lnx2 = -11.46 ( ± 0.16 ) + 0.0137 ( ± 0.0018 )MM     (11) 
t-value = -73   7.7 
R2 = 0.881  s = 0.369  N = 10 
 
lnx2 = -11.87 ( ± 0.16 ) + 0.607 ( ± 0.062 )POL     (12) 
t-value = -74   10 
R2 = 0.923  s = 0.297  N = 10 
 
lnx2 = -11.98 ( ± 0.16 ) + 0.0150 ( ± 0.0015 )Tb     (13) 
t-value = -75   10 
R2 = 0.927  s = 0.288  N = 10 
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lnx2 = -11.93 ( ± 0.14 ) + 0.0084 ( ± 0.0008 ) Tc     (14) 
t-value = -84   11 
R2 = 0.939  s = 0.264  N = 10 
 
Combining the above descriptors did not yield favorable ( t-value ≥ |4| ) regressions for 
the permanent and noble gases (Table 4.6). 
Table 4.6 Additional Regressions of the Permanent and Noble Gases. 
 
Descriptors (t-value) R2 
MM(1), Tc(3) 0.944 
Tc(3), Pc(-1), 3
2
cV (-1) 0.944 
MM(1), Tb(3) 0.938 
MM(1), Tb(2), 3
2
cV (0) 0.938 
POL(1), Tb(1) 0.934 
MM(2), 2δ (1) 0.841 
 
 
4.4.4 Halogenated Hydrocarbons 
 
The halogenated hydrocarbons were well-modeled using one- and two-descriptor 
regressions (Eqns.15-18).  The two-descriptor regressions included MM and Tb (Eqn.15 ) 
or Tc (Eqn.16). 
lnx2 = -14.13(±1.80) - 0.0598(±0.0093)MM + 0.0478(±0.0079)Tb     (15) 
t-value =      -7.8                     -6.4                        6.0 
R2 = 0.942  s = 0.837  N = 7 
 
 
lnx2 = -13.72(±1.65) - 0.0512(±0.0087)MM + 0.0265(±0.0041)Tc     (16) 
t-value =      -8.3                     -5.9                        6.4 
R2 = 0.948  s = 0.793  N = 7 
 
The single-descriptor regressions included 2δ  (Eqn.17) and Pc (Eqn. 18). 
 
lnx2 = -16.81 ( ± 1.15 ) + 0.0267 ( ± 0.0037 ) 2δ      (17) 
t-value = -15   7.3 




lnx2 = -16.20 ( ± 1.54 ) + 0.144 ( ± 0.028 ) Pc     (18) 
t-value = -11   5.1 
R2 = 0.838  s = 1.251  N = 7 
 
Other regressions of the halogenated hydrocarbons were not good models (Table 4.7). 
 





cV (-2) 0.969 
Tc(3), Pc(-2), 3
2
cV (-3) 0.962 
MM(-1), Tc(6), 3
2
cV (-1) 0.955 
MM(1), 2δ (5) 0.929 
Tb(-2), Tc(3) 0.791 
Tc(3), POL(-2) 0.683 





















Pearson correlations showed many of the descriptors used were correlated  
(Tables 4.8-4.11). 
 
Table 4.8 Chemically Nonreactive Gases Pearson Correlation Table 
 
 
                       Pearson Correlation Table  
         ======================================================== 
 
          |    MM    |    Tb    |   POL     |     δ2   |    Tc    |    Pc     |Vc2/3       | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    MM    |          |    0.4207|    0.3922|    0.1857|    0.4344|    0.2221|    0.4239| 
          |          | (   34)  | (   34)  | (   33)  | (   34)  | (   34)  | (   34)  | 
          |          |    0.0132|    0.0218|    0.3008|    0.0103|    0.2067|    0.0125| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tb     |    0.4207|          |    0.9216|    0.5114|    0.9943|    0.4499|    0.8701| 
          | (   34)  |          | (   34)  | (   33)  | (   34)  | (   34)  | (   34)  | 
          |    0.0132|          |1.065E-014|    0.0024|    0.0000|    0.0076|2.349E-011| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
   POL    |    0.3922|    0.9216|          |    0.2298|    0.8979|    0.1580|    0.9497| 
          | (   34)  | (   34)  |          | (   33)  | (   34)  | (   34)  | (   34)  | 
          |    0.0218|1.065E-014|          |    0.1983|6.082E-013|    0.3721|1.083E-017| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    δ2    |    0.1857|    0.5114|    0.2298|          |    0.5339|    0.8194|    0.0999| 
          | (   33)  | (   33)  | (   33)  |          | (   33)  | (   33)  | (   33)  | 
          |    0.3008|    0.0024|    0.1983|          |    0.0014|5.498E-009|    0.5802| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tc    |    0.4344|    0.9943|    0.8979|    0.5339|          |    0.5124|    0.8302| 
          | (   34)  | (   34)  | (   34)  | (   33)  |          | (   34)  | (   34)  | 
          |    0.0103|    0.0000|6.082E-013|    0.0014|          |    0.0019|1.260E-009| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Pc    |    0.2221|    0.4499|    0.1580|    0.8194|    0.5124|          |   -0.0047| 
          | (   34)  | (   34)  | (   34)  | (   33)  | (   34)  |          | (   34)  | 
          |    0.2067|    0.0076|    0.3721|5.498E-009|    0.0019|          |    0.9788| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Vc2/3   |    0.4239|    0.8701|    0.9497|    0.0999|    0.8302|   -0.0047|          | 
          | (   34)  | (   34)  | (   34)  | (   33)  | (   34)  | (   34)  |          | 
          |    0.0125|2.349E-011|1.083E-017|    0.5802|1.260E-009|    0.9788|          | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
 
   Note:  the values in the table are listed as follows: 
                  |  correlation value  | 
                  |    (sample size)    | 


















Table 4.9 Chemically Reactive Gases Pearson Correlation Table 
 
 
                       Pearson Correlation Table  
         ======================================================== 
 
          |    MM    |    Tb     |   POL    |    δ2      |    Tc     |    Pc    | Vc2/3         | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    MM    |          |    0.2148|    0.8546|   -0.4857|    0.3200|   -0.5397|    0.8491| 
          |          | (    8)  | (    8)  | (    7)  | (    8)  | (    8)  | (    8)  | 
          |          |    0.6094|    0.0069|    0.2691|    0.4396|    0.1673|    0.0077| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tb    |    0.2148|          |   -0.0467|    0.3334|    0.9382|    0.5606|   -0.0143| 
          | (    8)  |          | (    8)  | (    7)  | (    8)  | (    8)  | (    8)  | 
          |    0.6094|          |    0.9125|    0.4650|    0.0006|    0.1483|    0.9731| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
   POL    |    0.8546|   -0.0467|          |   -0.4801|    0.1806|   -0.6390|    0.9068| 
          | (    8)  | (    8)  |          | (    7)  | (    8)  | (    8)  | (    8)  | 
          |    0.0069|    0.9125|          |    0.2756|    0.6687|    0.0880|    0.0019| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    δ2       |   -0.4857|    0.3334|   -0.4801|          |    0.3877|    0.8297|   -0.6787| 
          | (    7)  | (    7)  | (    7)  |          | (    7)  | (    7)  | (    7)  | 
          |    0.2691|    0.4650|    0.2756|          |    0.3902|    0.0209|    0.0936| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tc    |    0.3200|    0.9382|    0.1806|    0.3877|          |    0.5040|    0.1141| 
          | (    8)  | (    8)  | (    8)  | (    7)  |          | (    8)  | (    8)  | 
          |    0.4396|    0.0006|    0.6687|    0.3902|          |    0.2029|    0.7878| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Pc    |   -0.5397|    0.5606|   -0.6390|    0.8297|    0.5040|          |   -0.7927| 
          | (    8)  | (    8)  | (    8)  | (    7)  | (    8)  |          | (    8)  | 
          |    0.1673|    0.1483|    0.0880|    0.0209|    0.2029|          |    0.0190| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Vc2/3    |    0.8491|   -0.0143|    0.9068|   -0.6787|    0.1141|   -0.7927|          | 
          | (    8)  | (    8)  | (    8)  | (    7)  | (    8)  | (    8)  |          | 
          |    0.0077|    0.9731|    0.0019|    0.0936|    0.7878|    0.0190|          | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
 
   Note:  the values in the table are listed as follows: 
                  |  correlation value  | 
                  |    (sample size)    | 





















Table 4.10 Permanent and Noble Gases Pearson Correlation Table 
 
  
                       Pearson Correlation Table  
         ======================================================== 
 
          |    MM    |    Tb     |   POL    |     δ2     |    Tc    |    Pc    | Vc2/3          | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    MM    |          |    0.9368|    0.9595|    0.8784|    0.9459|    0.7540|    0.8602| 
          |          | (   10)  | (   10)  | (    9)  | (   10)  | (   10)  | (   10)  | 
          |          |6.477E-005|1.122E-005|    0.0018|3.518E-005|    0.0118|    0.0014| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tb    |    0.9368|          |    0.9817|    0.8164|    0.9994|    0.9086|    0.9264| 
          | (   10)  |          | (   10)  | (    9)  | (   10)  | (   10)  | (   10)  | 
          |6.477E-005|          |4.786E-007|    0.0073|5.657E-013|    0.0003|    0.0001| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
   POL    |    0.9595|    0.9817|          |    0.7720|    0.9828|    0.8184|    0.9567| 
          | (   10)  | (   10)  |          | (    9)  | (   10)  | (   10)  | (   10)  | 
          |1.122E-005|4.786E-007|          |    0.0148|3.763E-007|    0.0038|1.457E-005| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    δ2       |    0.8784|    0.8164|    0.7720|          |    0.8312|    0.8141|    0.5736| 
          | (    9)  | (    9)  | (    9)  |          | (    9)  | (    9)  | (    9)  | 
          |    0.0018|    0.0073|    0.0148|          |    0.0055|    0.0076|    0.1063| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tc    |    0.9459|    0.9994|    0.9828|    0.8312|          |    0.9040|    0.9213| 
          | (   10)  | (   10)  | (   10)  | (    9)  |          | (   10)  | (   10)  | 
          |3.518E-005|5.657E-013|3.763E-007|    0.0055|          |    0.0003|    0.0002| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Pc    |    0.7540|    0.9086|    0.8184|    0.8141|    0.9040|          |    0.7347| 
          | (   10)  | (   10)  | (   10)  | (    9)  | (   10)  |          | (   10)  | 
          |    0.0118|    0.0003|    0.0038|    0.0076|    0.0003|          |    0.0155| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Vc2/3    |    0.8602|    0.9264|    0.9567|    0.5736|    0.9213|    0.7347|          | 
          | (   10)  | (   10)  | (   10)  | (    9)  | (   10)  | (   10)  |          | 
          |    0.0014|    0.0001|1.457E-005|    0.1063|    0.0002|    0.0155|          | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
 
   Note:  the values in the table are listed as follows: 
                  |  correlation value  | 
                  |    (sample size)    | 




















Table 4.11 Halogenated Hydrocarbons Pearson Correlation Table 
 
 
                       Pearson Correlation Table  
         ======================================================== 
 
          |    MM    |    Tb     |   POL    |     δ2     |    Tc    |    Pc    | Vc2/3          | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    MM    |          |    0.1906|    0.4501|   -0.7576|    0.0383|   -0.5711|    0.9293| 
          |          | (    7)  | (    7)  | (    7)  | (    7)  | (    7)  | (    7)  | 
          |          |    0.6823|    0.3109|    0.0485|    0.9350|    0.1805|    0.0025| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tb     |    0.1906|          |    0.8336|    0.4463|    0.9821|    0.5559|    0.3323| 
          | (    7)  |          | (    7)  | (    7)  | (    7)  | (    7)  | (    7)  | 
          |    0.6823|          |    0.0198|    0.3155|8.202E-005|    0.1950|    0.4665| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
   POL    |    0.4501|    0.8336|          |    0.0531|    0.7714|    0.2238|    0.5446| 
          | (    7)  | (    7)  |          | (    7)  | (    7)  | (    7)  | (    7)  | 
          |    0.3109|    0.0198|          |    0.9100|    0.0422|    0.6296|    0.2063| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    δ2    |   -0.7576|    0.4463|    0.0531|          |    0.5803|    0.9163|   -0.6519| 
          | (    7)  | (    7)  | (    7)  |          | (    7)  | (    7)  | (    7)  | 
          |    0.0485|    0.3155|    0.9100|          |    0.1720|    0.0037|    0.1126| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Tc    |    0.0383|    0.9821|    0.7714|    0.5803|          |    0.7003|    0.1587| 
          | (    7)  | (    7)  | (    7)  | (    7)  |          | (    7)  | (    7)  | 
          |    0.9350|8.202E-005|    0.0422|    0.1720|          |    0.0797|    0.7340| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
    Pc    |   -0.5711|    0.5559|    0.2238|    0.9163|    0.7003|          |   -0.5697| 
          | (    7)  | (    7)  | (    7)  | (    7)  | (    7)  |          | (    7)  | 
          |    0.1805|    0.1950|    0.6296|    0.0037|    0.0797|          |    0.1818| 
----------+----------+----------+----------+----------+----------+----------+----------+ 
     Vc2/3  |    0.9293|    0.3323|    0.5446|   -0.6519|    0.1587|   -0.5697|          | 
          | (    7)  | (    7)  | (    7)  | (    7)  | (    7)  | (    7)  |          | 
          |    0.0025|    0.4665|    0.2063|    0.1126|    0.7340|    0.1818|          | 
----------+----------+----------+----------+----------+----------+----------+----------+ 
 
   Note:  the values in the table are listed as follows: 
                  |  correlation value  | 
                  |    (sample size)    | 








The nonreactive gases included alkenes, halogenated hydrocarbons, noble gases, 
alkanes, and diatomic molecules, etc.  lnx2 was well-modeled using eleven different 
regressions for the nonreactive and reactive gases, permanent and noble gases, and the 
halogenated hydrocarbons.  A t-value > |4| indicated that a descriptor was significant in 
the regressions. These regressions included 3
2
cV   as a significant descriptor (Eqn.1, R
2 = 
 109
0.799, Eqn.2, R2 = 0.811, Eqn.10, R2 = 0.783, and Graph 4.1).  Assuming that a molecule 
can be considered to be spherical, 3
2
cV  is a reasonable approximation of its surface area.  
Vc is the molar volume of the gas at its critical temperature, Tc.  The critical temperature 
was significant in the regressions of all the sets of gases, the permanent and noble gases, 
and the halogenated hydrocarbons ( Eqns. 2, 5, 6, 14, 16, and Graph 4.2 ).  Tb is a 
measure of the energy required to break the intermolecular bonds of the liquids at their 
normal boiling point.  Since the gases are dissolved in H2O(l), the modes of interaction 
would be via pseudo-hydrogen bonds and other intermolecular forces.  The critical point 
descriptors (Tc, Pc, and 3
2
cV ), Tb, and POL are well-suited to this study because they are 
measures of the strength of the intermolecular forces that hold the molecules together.  
The more polarizable a molecule the more distortable its electron cloud.  This 
distortability leads to dipole-induced dipole interactions, thus affecting the solvation of 
the gas in water.  This phenomenon is also discussed by Letcher and Battino28 and 
Pollack29.   
It is important to note that, for combining the sets of gases, neither a universal 
descriptor(s) nor a universal regression was found in this study.  While the reactive and 
nonreactive gases, permanent and noble gases, and the halogenated hydrocarbons 
included models that predicted lnx2 well separately, none of the tested regressions were 
applicable to all of the datasets.  POL, singularly (Eqn.12) and in combination with Tc 
(Eqn.6) or Tb (Eqn.7), was an important descriptor in the regressions of the reactive gases 
and the permanent and noble gases.  Pc was the most applicable single descriptor (Eqns. 
3, 9, 18, and Graph 4.3), and was significant in regressions of the chemically reactive 
gases, permanent and noble gases, and the halogenated hydrocarbons. Tb (Eqn.12) was 
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the best single descriptor for the permanent and noble gases since it was readily obtained 
and provided better results than Pc.  The two-descriptor regressions yielded better fits of 
lnx2 for the chemically reactive gases (Eqns.4 to 7, Graph 4.4).  Eqn.7 (Tb and POL) was 
not further explored since it contained a t-value of −3 for the first coefficient of this 
equation.  MM and Tb (Eqn.15) was the best two-descriptor regression for the 
halogenated hydrocarbons.  It was also identified as a good model for the chemically 
reactive gases (Eqn.4).  However, POL and Tc were better descriptors for the latter 
(Eqn.6). 
2δ  was a good descriptor for the permanent and noble gases (Eqn.8) and the 
halogenated hydrocarbons (Eqn.17).  It is a known measure of solubility.1,30  The square 
of δ  is used because it is related to the cohesive energy density. 
Some of the descriptors that were coupled in the regressions were not good 
models although they had high R2 or t-values (Tables 4.5-4.7).  The Pearson correlations  
(Tables 4.8-4.11) showed that these descriptors were correlated.  Since they were already 
correlated, it may be that no new information was obtained in combining the descriptors. 
  A residual of greater than 2 standard deviations (95.5% confidence limits) was 
used to identify the outliers as listed in Table 4.12. 
 
Table 4.12 Outliers in Regressions 1-5 
 
Eqn. Descriptor Outlier R2 s R2* s* 
1 Tb, 3
2
cV  H2, NO
0.799 0.862 0.867 0.514 
2 Tc, 3
2
cV  H2 
0.811 0.837 0.831 0.635 
3 Pc SO2 0.690 1.376 0.918 0.535 
5 Tc,MM H2S 0.851 1.046 0.939 0.547 




H2 has a low molar mass and is nonpolar.  As a result, it has a low Tb and Tc.31  Polarity 
and dipole-dipole interactions drive the strong bonding between H2S molecules and H2O 
molecules.31,32  Consequently, more energy is required to break the intermolecular forces 
between this molecule and water.  It has a high Tb and Tc and bonds to itself.  NO is 
unstable and decomposes to N2O and NO2.31  SO2 bonds with H+ when dissolved in water 
and forms ions of H+, HSO3-, and SO32-; however, SO2(aq) is the major species in 
aqueous solution.31,32  Johnstone and Leppla33 cite Fadda,Wright, Baly and Bailey34 as 
having found unhydrated SO2 in aqueous solutions of SO2.   
 Campanell18 studied subsets of the gases used here and found that the noble gases 
were well-modeled using Tb and POL ( Tb: R2 = 0.995; POL: R2 = 0.972; Tb & POL:  
R2 = 0.995 ).  Tb and POL were not good descriptors when the “permanent” gases were 
coupled with the noble gases (Table 4.6).  However, each descriptor singularly modeled 
the permanent and noble gases well (Eqns.12 and 13).  In addition, a fair model for the 
chemically reactive gases was obtained using Tb and POL (Eqn.7).  Campanell found that 
gases comprised of three atoms or less regressed well with Tb (R2 = 0.859) and POL and 
Tb (R2 = 0.964). Subsets of gases that Campanell found unsuccessful in his regressions 
were the alkanes (Tb), alkanes, alkenes, and alkynes (DM & POL), gases with dipole 
moments (Tb & DM), and gases without dipole moments (Tb & POL). 
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Graph 4.1 lnx2exp vs lnx2calc (Nonreactive Gases Eqn.1 Vc2/3 & Tb)
















Graph 4.2 lnx2exp vs lnx2calc (Permanent and Noble Gases Eqn.14 Tc)





















Graph 4.3 lnx2exp vs lnx2calc (Halogenated Hydrocarbons Eqn 18 Pc)
















Graph 4.4 lnx2exp vs lnx2calc (Chemically Reactive Gases Eqn. 4 MM & Tb)





















The aqueous solubility of gases has been described using the molecular 
connectivity index16-17, thermodynamics12-14, the hydrogen-bonding factor17,35, scaled-
particle theory36, and other approaches.  Edwards et al. studied ammonia, carbon dioxide, 
hydrogen sulfide, sulfur dioxide, and hydrogen cyanide using thermodynamics.14  
Hayduk and Laudie presented a hydrogen-bonding factor, different from the one used in 
this study, as a measure of the hydrogen bonding of gases in water and other polar 
solvents.35  Pierotti used the scaled-particle theory to thermodynamically describe the 
aqueous solubility of gases.36  Reviews of gas solubility in water include those of Battino 
and Clever37, Markham and Kobe38, and Wilhelm et al.39   
Because the characteristics of the gases studied here vary widely, a common 
topological descriptor has not been found that applies to all of them.  Therefore, common 
physical descriptors were explored.  Campanell18 found that POL and Tb were good 
descriptors for gases in water, a conclusion supported by Eqn.7 for the chemically 
reactive gases.    Although the same pool of descriptors are used for the sets of gases, the 
combinations of descriptors varied in the recommended fitting equations.  The best 
regression for the nonreactive gases is Eqn. 1 (Tb and 3
2
cV , Graph 4.1), and the most 
suitable two-descriptor models were MM and Tb (Eqns.4 and 15, Graph 4.4, chemically 
reactive gases and halogenated hydrocarbons).  MM and Tb are easily obtained from the 
literature.  If Vc is available, then 3
2
cV  can easily be calculated and regressed with Tb 
(Eqn.1).  The most applicable single descriptor was Pc as it was significant in regressions 
of the chemically reactive gases (Eqn.3, Graph 4.3), permanent and noble gases (Eqn.9), 
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and the halogenated hydrocarbons (Eqn.18).  A diverse array of gases can thus be 
modeled using only one or two descriptors (Graphs 4.1 to 4.4).  
Various descriptors have been used to describe the solubility of substances such 
as gases in water.10-18 A simple regression was not found to predict the solubility of all  
gases in water.  Water is a rather unique solvent, and gas solubilities in water must be 
“explained” using a variety of descriptors that account for reactions in this solvent.  The 
gases studied here ranged in solubility from about 4 CF4 / 106 H2O molecules to 1 NH3 / 
5 H2O molecules.  Due to its complexity, more than one descriptor may be necessary to 
account for solubilities in water.  Campanell18 studied sub-sets of solute gases in water 
and the chemical reactivity of these gases was accounted for in this study.  Future work 
may combine both of these concepts, using larger sets of gases in water.  For example, of 
the forty-two gases used here, only eight gases were chemically reactive in water.  A 
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In this thesis simple topological and physical descriptors were analyzed to predict 
the solubilities in water of alcohols, halogenated hydrocarbons, and various gases at 
298.15K and 1 atm partial pressure of gas.  Different physical and topological descriptors 
were identified in each of these cases.  For the gases, chemical reactivity in water was 
also identified as an important consideration.  
 
5.2 Aqueous Solubility of Alcohols 
The alcohols were well-modeled (R2 = 0.991 ) using measures of bulkiness ( the 
number of carbons, NC ), compactness ( terminal methyls, TM ), and steric hindrance 
about the hydroxyl group ( carbons alpha to the hydroxyl-bearing carbon, CA).  NC alone 
was sufficient to obtain a good correlation (R2 = 0.963 ).  However, the regressions were 
enhanced with the inclusions of TM and CA.  The negative sign for NC indicated that the 
more massive alcohols were less soluble, as expected.  Surprisingly, branching and steric 
hindrance increased solubility.  These observations were supported by the results of 
Amidon et al.1  Cyclohexanol was the only cyclic alcohol in the dataset chosen.  Future 
work should include additional cyclic alcohols as well as the effects of multiple hydroxyl 
groups on the solubilities of the alcohols in water. 
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5.3 Aqueous Solubility of Halogenated Hydrocarbons 
The halogenated hydrocarbons were analyzed using simple physical and 
topological descriptors.  The topological descriptors used were not good parameters in 
the regressions.  Molecular mass (MM), boiling point (Tb), and critical volume (Vc) or 
critical pressure (Pc) resulted in the best regressions ( MM, Tb, Vc: R2 = 0.924; MM, Tb, 
Pc: R2 = 0.886 ).  As measures of intermolecular forces, Tb and Tc had a high correlation 
and were interchangeable. 
A major drawback was the lack of measurements available for this large dataset.  
It is hoped that as more measurements are made, better regressions and descriptors will 
be obtained. 
  
5.4 Aqueous Solubility of Gases 
The gases studied were diverse in their characteristics.  They included polar, 
nonpolar, halogenated, diatomic molecules, etc.  Because these gases were very different, 
a common topological descriptor was not used and simple physical descriptors were 
explored.  The chemical reactivity of the gases in water was also taken into account.  For 
the chemically nonreactive gases, (critical volume)2/3 3
2
cV , an approximation of the 
surface area, and critical temperature (Tc) were identified as the best descriptors  
( R2 = 0.811 ).  Since they were readily obtainable and yielded good regressions, MM and 
Tb were the most suitable descriptors for the chemically reactive gases ( R2 = 0.906 ) and 
the halogenated hydrocarbons ( R2 = 0.942 ).  Pc was the most applicable single 
descriptor as it was significant in regressions of the chemically reactive gases  
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( R2 = 0.690 ), permanent and noble gases ( R2 = 0.736 ), and the halogenated 
hydrocarbons ( R2 = 0.838 ). 
 Of the forty-two gases studied, eight were chemically reactive in water.  A larger 
dataset is desirable for future studies.  The study of gases in particular revealed the 
uniqueness and complexity of aqueous solubility.  Due to their diversity, the gases could 
not be modeled using a universal regression or descriptor.  It was necessary to use 




Simple physical or topological descriptors were obtained for the alcohols, 
halogenated hydrocarbons, and gases.  Although MM and Tb were significant descriptors 
for the halogenated hydrocarbon gases (Chpt.4), this observation did not hold when 
applied to the larger dataset of Chpt.3.  When heavier halogenated hydrocarbons were 
used, MM and Tb as a pair were not significant descriptors.  As the findings of this study 
are applied to larger datasets and as more properties become available, the applicability 
of these descriptors as good models will be more thoroughly tested. 
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